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CHAPTER I. INTRODUCTION 
World Trade in Corn 
World trade in corn has increased by nearly six times in 
the last two decades. The quantity of corn exports increased 
from 11.5 million metric tons in 1960 to 68.6 million metric 
tons in 1978. The average increase is about 30 percent per 
year. Table 1-1 shows the five leading exporters of corn; 
the U.S., Argentina, South Africa, Thailand, and France; and 
the volume of corn they shipped by year. In 1978, the five 
leading exporters accounted for 92 percent of total world 
corn trade. 
Exporters of Corn 
The United States, which exports to all corners of the 
world, is the leading corn exporter. In 1960, the U.S. 
exported 5.6 million metric tons of corn to world markets. 
Its share was about 49 percent of the total corn exported. 
The U.S. corn marketing share increased to 73 percent in 
1978. In that year, the quantity of U.S. corn exports reached 
a record high of 50 million metric tons. This dominance by 
the U.S. means that its price support policy, its export 
policy, its corn future's market, and its development of 
unique institutions, such as cooperatives, affect the increase 
in corn production and trade more than any other corn 
Table 1-1. Leading exporters of com (in thousand of metric tons)^ 
Year U.S. Argentina France South 
Africa 
Thai­
land 
Five 
country 
total 
Total 
world 
export 
1960 5,581 2,570 274 568 515 9,508 11,451 
1961 7,422 1,730 696 1,071 569 11,488 13,137 
1962 10,795 2,931 165 2,070 484 16,445 18,907 
1963 11,121 2,447 357 2,418 767 17,110 19,830 
1964 12,158 3,339 823 1,419 1,147 18,886 22,335 
1965 15,135 2,804 560 327 • 831 19,657 25,028 
1966 15,525 3,752 1,291 46 1,262 21,876 25,505 
1967 12,916 4,318 1,717 2,004 1,146 22,101 27,191 
1968 14,930 2,892 1,629 2,956 1,558 23,965 28,567 
1969 13,926 4,024 2,171 761 1,555 22,437 26,825 
1970 14,318 5,233 2,455 1,201 1,448 24,655 29,432 
1971 12,834 6,128 4,121 1,468 1,873 26,424 30,965 
1972 22,355 3,005 3,481 3,155 1,844 33,840 37,396 
1973 33,164 4,033 3,419 1,317 1,395 43,328 48,057 
1974 29,838 5,525 3,835 2,163 2,302 43,663 49,638 
1975 33,458 3,887 2,552 3,218 2,105 45,220 51,285 
1976 44,315 3,080 2,046 2,225 2,419 54,085 61,993 
1977 40,415 5,431 873 1,900 1,542 50,161 57,487 
1978 50,091 5,895 2,522 2,800 2,078 63,386 68,626 
^Food and Agricultural Organization of the United Nations (13). 
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exporting country's grain policies (17). 
Argentina is the second leading corn exporter. The 
quantity of corn exported from Argentina increased from 2.6 
million metric tons in 1960 to 5.9 million metric tons.in 
1978. Argentina's largest corn market is Italy. Prior to 
1962, Italy had a trade agreement with Argentina wherein 
Italian licensing preferences for Argentina corn were 
given in return for Agentina preferences for some Italian 
manufactured goods. This agreement is still in effect. 
Italy prefers Argentina corn because it is flint corn which 
has a relatively higher concentration of carotene which 
causes dark-yoked eggs and yellow-skinned meat when fed to 
poultry. These characteristics are preferred by Italians 
(53). Other markets for Argentina corn are Spain and Japan. 
The third leading corn exporter is South Africa. The 
quantity of corn exported by South Africa fluctuates from 
year to year due to the significant variation of precipi­
tation which causes unstable domestic corn production. 
Formerly, South Africa exported mostly white corn, which is 
used for processed products such as corn starch, syrup, and 
corn oil. But, with exports becoming increasingly im­
portant, South African farmers are shifting emphasis towards 
the yellow varieties, which are preferred by importing 
countries, which are feeding livestock and poultry (61). 
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Major markets for South African corn are Japan, the United 
Kingdom, and the Netherlands. 
Thailand became the world's fourth ledding corn 
exporter during the 1970s. Corn production in Thailand 
is concentrated in the Central Plain, and North East 
areas. The crop has been grown there for many years, but 
since the 1950s it has been produced commercially. Im­
portation of the deep-orange flint "Guatemala" corn facili­
tated this development, and by 1959 farmers were rapidly 
clearing timber areas so they could plant the new feed 
grain. Due to these developments, corn production increased 
from just a little over 100,000 metric tons in 1955 and 1956 
to 3.1 million metric tons in 1978. Production of corn 
in Thailand still remains subject to rainfall variation. 
The drought in 1972 reduced output to 1.3 million metric tons 
from 2.3 million metric tons the year before. Due to the 
increase in production the quantity of Thai corn exported 
increased from 515,000 metric tons in 1960 to 2.1 million 
metric tons in 1978. Japan and Taiwan have traditionally 
been the main customers for Thai corn. Bilateral trade 
agreements, which guarantee markets, have been a major 
encouragement to the expansion of Thailand's corn production. 
Other important markets for Thai corn are Singapore, Hong Kong, 
and Malaysia (77). 
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France is the fifth leading corn exporter. Its quantity 
of corn exported increased from 274,000 metric tons in 1960 
to 2.5 million metric tons in 1978. France is also a corn 
importing country. It imports nearly 500,000 metric tons of 
corn each year. A high domestic corn support price stimu­
lated the increase in production. Most French corn is shipped 
to member countries in the European Economic Community (EEC). 
Importers of Corn 
The major importers of corn are the EEC as a whole, 
Japan, and the USSR. The total quantity of corn imports by 
leading countries and the world are shown in Table 1^2. 
For the group of countries as la whole, the EEC is the largest 
importer of corn. But for the single country, Japan is 
the world's major importer of corn. The USSR is second. The 
quantity of corn imports by the EEC (the member countries are 
Belgium, Luxemburg, France, Italy, the Netherlands, West 
Germany, Denmark, Ireland, and the United Kingdom) increased 
from 4.5 million metric tons in 1960 to 15.8 million metric 
tons in 1977. The EEC has a common agricultural policy (CAP) 
for all member countries. The fundamental principles of 
CAP are; common pricing, community preference, and common 
financing (27). 
The common grain pricing program requires three different 
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Table 1-2. Leading importers of corn (in thousands of metric ton)^ 
EEC imports from; 
Year _ b Rest of the Japan USSR Total world 
world imports 
1960 69 4,527 1,354 117 11,978 
1961 391 4,556 1,831 23 13,522 
1962 87 6,448 2,316 - 19,018 
1963 227 7,567 2,645 - 19,449 
1964 436 7,656 3,229 - 21,795 
1965 437 9,034 3,434 - 23,774 
1966 847 10,003 3,598 163 25,767 
1967 761 10,630 3,960 357 27,094 
1968 801 9,931 5,144 264 28,024 
1969 1,255 7,732 5,488 498 26,885 
1970 1,369 8,633 6,018 304 28,981 
1971 2,933 8,468 5,007 881 30,777 
1972 3,441 7,783 6,051 4,100 37,962 
1973 3,279 12,944 7,770 5,400 47,008 
1974 3,600 11,918 7,940 3,440 48,911 
1975 2,298 12,854 7,470 5,548 51,621 
1976 2,022 15,133 8,383 11,376 61,728 
1977 814 15,842 9,069 4,100 55,077 
1978 2,448 12,501 10,534 13,037 68,635 
^Food and Agricultural Organization of the United Nations (13). 
^United Nations (60). 
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types of prices for grain. They are: (a) a target, or 
standard, price at which the grain in question is sold on 
the EEC market, (b) an intervention price, slightly 
below the target price, at which the EEC will buy all the 
grain offered by producers, and (c) a threshold price 
which establishes a floor on prices of imported grains. 
The threshold prices for grains are maintained by variable 
import levies (76). 
Common preference is. simply the notion that the EEC 
should constitute a preferred market for the products of 
member countries. Marketing should be so regulated that 
imports from nonmember countries will always be little more 
expensive or harder to obtain than products from members 
(27) . 
Common financing means that the - cost of agricultural 
support must be paid by all members (27). 
CAP allows only the quantity of corn imports needed 
to meet the demand when internal production falls short. 
Variable imports levies protect member countries from 
competition by nonmember countries. The CAP enabled 
France to become the region's major corn producer. France 
increased its quantities of corn exports to EEC countries 
from 69 thousand metric ton in 1961 to 2.4 million metric 
tons in 1978. Nonmember countries that supply corn to the 
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EEC are the U.S., Argentina, and South Africa. 
Japan is the largest single-country corn importer. 
Its corn imports increased from 1.3 million metric tons 
in 1960 to 10.5 million metric tons in 1978. The main use 
of imported corn in Japan is for producing commercial 
mixed-feed. In 1978, the quantity of corn imported for 
feed accounted for 75 percent of the total corn imports. 
Corn imports by the USSR have increased signifi­
cantly since 1972. The Ninth Five Year Plan of the USSR 
which began in 1971 stressed diet improvement, which was to 
be attained chiefly through increasing production of meat 
and livestock products. The goals for increased meat and live­
stock products were backed up with increased grain and oil­
seed production targets. The programmed increases in feed 
supplies proved insufficient to support livestock production 
goals. Increasing grain supplies required expansion in grain 
area. The available land was located in marginal climate 
regions. The fallow area was reduced,thus increasing the 
crop yield variability. To maintain livestock goals, the 
government has a policy of importing feed ingredients from 
outside sources to offset short falls (19). Following the 
Soviet crop short fall in 1972, the USSR corn imports rose 
from 881,000 metric tons in 1971 to 4.1 million metric tons 
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in 1972. The quantity of corn imported by the USSR reached a 
record high 13 million metric tons in 1978. 
Consumption of Corn 
Corn, wheat, and rice are the three main cereal grains. 
Rice is used almost entirely for human consumption. Wheat, 
corn, and other feed grains are used both for human consump­
tion and livestock feed. The developed countries use about 
80 to 90 percent of all of their feed grains as animal feed, 
while the developing countries consume over 70 percent of 
their feed grains directly as human food (17). 
Human consumption 
About 25 percent of the world's corn supply is consumed 
by humans as grain. A very high percentage of corn produced 
in developing countries is consumed directly as human food 
at the farm level, especially in Asia and Africa (17). 
Feed 
World corn use in commercial mixed-feed has strongly . 
increased over time. Corn is the major feed ingredient in 
mixed-feeds for livestocks. Commercially produced live­
stock products require several pounds of corn in the feed 
ration to yield one pound of livestock products : for 
example, the feed conversion ratio for chicken is three 
pounds of corn per one pound of meat; for hogs, five 
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pounds of corn per one pound of pork; and for beef cattle, 
nine pounds of feed per one pound of beef. Most beef cattle 
are fed grass, but a feed concentrate is also needed for 
finishing beef (17). 
Future use of corn in feed depends not only on the 
demand for various livestock products but also on the 
relative price of corn to the prices of other substitute 
products in feed rations. Also, the demand for corn is de­
pendent upon the changes in demand for different types of 
livestock products. For example, development of poultry 
industries will increase demand for feed corn more than 
the development of beef industries will, because poultry 
uses mostly corn, whereas beef production uses corn and hay. 
Processed products 
Corn is used for manufacturing purposes by wet and 
dry millers, distillers, and breakfast-food manufacturers. 
Net processing is the most important industrial use of corn. 
Starch is the primary product of this process. An important 
starch product is high-fructose corn syrup, which has a wide 
variety of uses in industrial food preparation. Annual world 
starch production is about twelve million tons. The U.S. is 
the largest producer of starch, followed by Japan, the Nether­
lands, and the United Kingdom (17). 
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CHAPTER II. REVIEW OF THE LITERATURE AND 
OBJECTIVE IN THIS STUDY 
Review of the Literature 
Most studies on international feed grains trade used 
a single equation to study quantity of feed grains exports 
or imports of a country. To be realistic, in a study of 
import markets, a more detailed model would have to be con­
structed. For example, the livestock industry is one main 
factor that influences the quantity of feed grain imports 
and should be included in a study of feed grain imports. 
Few of the studies in feed grains trade emphasized 
the mixed-feed market. Previous study on demand for feed 
ingredients by U.S. formula feed manufacturers was conducted 
by Meilke (39). His study purposes were; to indicate the 
relative degree of substitution among feed grains, and to 
show how price variations affect the ingredient needs of 
the formula feed industry. Feed grains under this study 
were corn, oats, barley, grain sorghum, and wheat. The data 
used in the analysis were cross section data which were obtained 
by sample survey in 1969. Ordinary-least-squares method 
was used for estimation of a single demand function for each 
feed ingredient. The input demand for feed ingredients was 
specified as a function of the input price, other substitute 
inputs prices, and output price. In this work, it was 
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impossible to calculate a price for mixed-feed in leach 
state. So Meilke used the quantity of complete mixed-feed 
as a proxy variable for output price. The results of the 
study showed that sorghum was the most responsive to changes 
in its own price and to changes in the price of other feed 
grains. In terms of direct price elasticities, corn, oats, 
barley, and wheat, respectively, followed grain sorghum in 
degree of responsiveness to changes in their own price. 
The cross-price elasticity of grain sorghum with respect to 
the price of other feed grains was nearly twice as large as 
that for barley and wheat. The cross-price elasticity of 
corn was lower than that of wheat and barley but was greater 
than one. Only oats had a cross-price elasticity of less 
than one. The coefficient of mixed-feed quantity had a 
positive effect on feed ingredient demand. This analysis 
using quantity as a proxy variable for price does not explain 
the behavior of input demand by mixed-feed manufacturer well. 
Under assumption of profit maximization input demand should 
depend on output and inputs prices. 
Given the growing importance of feed grain exports, 
Meilke (40) constructed an aggregate U.S. feed grain model 
which was comprised of six endogenous variables. These vari­
ables were: quantity of feed grain fed, quantity of feed 
grain used in food and industrial products, quantity of feed 
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grain stored, quantity of feed grain commercially exported, 
price of feed grain, and number of grain-consuming animal 
units fed. The quantity of commercial feed grain exports 
was stated as a function of index of prices received by U.S. 
farmers, of index of wholesale prices of 11 high protein 
feeds, the quantity of feed grains exported under PL-480, 
of index of feed grain production per animal unit in Japan 
and seven European countries, and stocks of feed grain in 
three major exporting countries. The results showed that 
the coefficients of U.S. farm price, quantity of feed grains 
exported under PL-480, of index of feed grain production, 
and stocks of feed grain had a negative effect on U.S. feed 
grain exports. The index of wholesale prices of protein feed 
and the number of animal units had positive effects on U.S. 
feed grains export. The results also indicated that there 
was substitutability between feed grains and high protein 
feed. This feed grain export equation did not include 
transportation costs and currency exchange rates. 
Konandreas and Schmitz (32) conducted a research on 
welfare implications of grain price stabilization of the 
United States. Their model was similar to Meilke's model. 
They separated feed grains into wheat, oats, corn, barley, 
and sorghum. Each type of grain had a separate domestic 
demand and U.S. commercial exports equation. The domestic 
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demand was comprised of demand for; food, feed, seed, stock 
by the government and commercial agents. 
They aggregated importing countries into five regions 
based on geographical, economic, and political character­
istics. These regions are developed countries (including 
Japan, Israel, and South Africa); Latin America; Asia 
(excluding Communist Asia, Japan, and Israel); Africa 
(excluding South Africa); and the USSR and Eastern Europe. 
The foreign demand for U.S. grains by all five regions 
were specified as a function of lagged quantity of U.S. grains 
exports, stock of grains held by other exporting countries, 
world grain production (excluding U.S.), the effective U.S. 
export price, quantity of U.S. concessional exports, and per 
capita income in the importing countries. The U.S. effective 
export price was the ratio of U.S. export price and domestic 
grain price in importing countries which was converted to U.S. 
currency by using the exchange rate. The per capita income 
variable was also converted to U.S. currency. Their study 
incorporated the exchange rate both in the price ratio and 
income. 
The results showed that the coefficients of lagged 
exports, effective U.S. export price, and world grain pro­
duction were all negative as anticipated. Quantities of 
exports by competitors affected U.S. exports negatively 
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except in the case of barley. • Finally, the coefficients of 
concessional U.S. exports on commercial exports were nega­
tive, except in the case of sorghum. They did not specify 
how they included transportation costs in their study. The 
estimation method for the U.S. export equation was ordinary-
least-squares . 
Houck, Ryan and Sobonik (26) estimated import demands for 
U.S. soybeans by Japan. The observation period covered crop 
years from 1952-53 to 1966-67. They expressed quantities of 
U.S. soybean exports to Japan as a function of U.S. farm 
price of soybeans, Japanese soybean production, Japanese 
imports of Chinese soybeans, and Japanese real national 
income. 
The results indicated that the price of soybean was a 
strong explanatory variable for U.S. soybean exports. 
Japanese soybean production and soybean imports from Main­
land China were competitive with imports from the.U.S. The 
results also showed that imports of soybeans from the 
U.S. were more responsive to Japanese domestic soybean pro­
duction than to soybean imports from Mainland China. 
Real income was another major variable affecting the 
quantity of soybean imports from the U.S. A one thousand 
billion yen increase in national income was associated with 
a 2.7 million bushel increase in U.S. soybean exports to 
Japan. For their study, they used a U.S. farm price in 
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Japanese import demand equation. By this, it is meant that 
they ignored both transportation costs and currency exchange 
rate. 
Vellianitis-Pidas (75) conducted a study to find the impact 
of exchange rate changes on the quantity of U.S. wheat, 
corn, and sorghum exports. The study used cross-sectional 
data from grain importing countries during the devaluation 
of the U.S. dollar from 1971 to 1973. The independent vari­
ables in the U.S. grain export equation were: the currency 
exchange rate, the per capita income, the population growth, 
the consumer price index, wheat and corn stocks and produc­
tion, and grain imports from rest of the world (all variables 
listed were from importing countries' statistics). For 
simplicity, this analysis ignored the price variable in the 
export equations. 
The study concluded that the exchange rate of the U.S. 
dollar did not significantly affect the quantity of U.S. 
grains exported. The reason the exchange rate variable was 
nonsignificant may be because the price variable was eliminated. 
Even though the data based on this study from 1971 to 1973, 
wheat, corn, and soybean prices at U.S. ports were nearly 
stable, the transportation cost fluctuated in this period. 
The devaluation of U.S. dollar reduced U.S. grain prices, yet 
the increase in ocean shipping costs increased the prices. 
The combined effect may have left the import price of U.S. 
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grain unchanged. 
Since some previous studies on the international feed 
grains trade have ignored transportation costs, which is 
one factor that affects the feed grain imports price, this 
study will discuss some of its effects on the international 
feed grains trade and the factors that influence the 
shipping rate. 
The rate per ton of grain shipment has not been stable 
through time. And there is no increasing trend. For 
example, the rate for shipping grain from U.S. gulf ports 
to Japan remained stable from 1962 to 1971. Its. average was 
about 9 dollars per long ton (1 long ton = 2,240 pounds). 
It dropped to 5 dollars per long ton in 1972. The ocean 
freight rate reached a record high of 26 dollars per long 
ton in 1974. This rate returned to a more normal level of 
10 dollars per long ton during 1975 to 1977. In 1977, ocean 
shipping costs from U.S. gulf ports to Japan was about 10 
percent of the U.S. corn export price at gulf ports. 
The factors that affect the shipping rate are (4): 
distance of voyage, shipment size, registry of ships (U.S. 
or foreign flag), calendar quarter in which shipment occurred, 
volume of grain trade, and the origin or port of destination 
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of the shipment. Rising prices, for bunker oil have also 
caused shipowners and operators to seek higher rates (64). 
Cost per-ton-mile of shipping grain is about 7 cents higher 
for ships in the 25,000 ton class than in larger bulk carriers 
of the 50,000 ton class (17). 
Therefore, even though the distance is the same from the 
U.S. gulf ports to Japan and from South Africa to Japan, 
transportation costs are higher from South Africa because 
their ports can only accommodate ships of about 25,000 tons. 
The longer distance (13,000 miles) from Argentina to Japan 
reduces the quantity of Argentine corn shipped to Japan and 
increases the quantity shipped to European markets (17). 
Thailand has an advantage in the short distance (about 
3,000 miles) from Bangkok to Japan, but Thai grain-loading 
facilities can accommodate only vessels of less than 12,000 
tons, for which the operation costs per-ton-mile is about 
six cents higher than for the 25,000-ton class ship. To 
make up for this higher cost, Thai corn is shipped to 
smaller ports on Japan's west coast to eliminate the 
transhipment costs of loading corn at major ports and then 
is transferred to smaller coastal vessels for interisland 
delivery (.17) . 
Meyers, Gerber, and Bredahl (42) explained the impact 
of the exchange rate on Japanese feed grains and soybean 
demand. In this study, they treated corn and sorghum as 
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combined into a single feed grain. There were two equations 
for feed grain demand. The first equation explained total 
Japanese import demand for corn and sorghum as a function 
of wholesale corn price index, wholesale soybean price index, 
pork and poultry production index, and the quantity of rice 
fed to livestock. The results showed that the pork and 
poultry production index was a strong explanatory variable 
for Japanese feed grain imports. The second equation was a 
price linkage equation. This equation explained the Japa­
nese wholesale corn price index as a function of U.S. corn 
price (dollar per bushel) multiplied by Japanese exchange 
rate (yen per U.S. dollar). For these two equations, they 
computed elasticities of demand for the exchange rate to be 
-0.21 for feed grains. This means that a 10 percent apprecia­
tion of the yen will increase Japanese feed grain demand 2.1 
percent. 
Furthermore, an income variable, which is the one major 
factor that influences the demand for grains and soybeans 
for processed food products, was not included in these 
equations. For the price variables in the import equations 
they used Japanese wholesale price of corn and soybeans so 
transportation cost was incorporated. 
Wells and Johnson (76) conducted research on the impact 
of entry into the European Economic Community by the United 
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Kingdom on the pattern of the wheat imports; projected to 
198Ô. They used multi-stage framework analysis in their 
research. Total U.K. wheat imports were determined in the 
first stage and then in the second stage allocated to wheat 
exporting countries. The assumption was made that total 
import needs of wheat were determined by the economic 
interrelationships of wheat to other products, and then 
these wheat import needs were allocated to various sources 
based on relative prices and quality aspects. These rela­
tive prices and quality aspects were embedded in historic 
import patterns. In the first stage, they specified total 
wheat imports by the U.K. as a function of current price of 
barley; the cost, insurance, and freight (C.I.F) import 
price of U.S. #3 yellow corn; gross domestic product; live 
beef prices; lagged live beef prices (all five listed 
variables were divided by the current import price index 
of wheat)Îratio of the average.barley producer price 
in U.K. to the average wheat producer prices in the 
U.K.; and time trend. The suppliers of wheat to the 
U.K. in stage two are Canada, Australia, U.S., EEC (excluding 
new members), and the rest of the world. The quantity of 
wheat imported from each supplier country was stated as a 
function of the price ratio of wheat in that particular supply 
country to prices of wheat in other supplier countries, the 
quantity of total wheat import, and the quantity of wheat 
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imported from other wheat exporting countries. 
Two estimation techniques were used in their study. 
One was the two-stage least squares and the other was 
the three-stages least squares. Based on the estimated 
structural equations they simulated the impact of U.K. 
wheat imports projected to 1980. They concluded that the 
EC-6 share of the U.K. wheat market would steadily increase 
until the U.K. fully integrated into the EEC. 
Abbott, as reviewed by Reed (53), modeled separate 
equations to explain net imports of wheat and feed grains 
by 33 countries of the world using instrumental variable 
estimation techniques. The model took into account the 
existence of trade barriers by allowing the domestic price 
in importing country to respond to changes in the world 
price. The prices in the model were c.i.f. prices with 
transportation costs already included. The independent 
variables for the equations were the domestic price, domestic 
income, time, domestic production, aid in kind received 
of the commodity, the foreign exchange position of the 
importing country, the domestic stock of animals, and the 
domestic population. The coefficient for the price variable 
was significantly different from zero in only 5 of 33 equa­
tions for both wheat and feed grains. This analysis ignored 
the exchange rate variable. 
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Abel and Ryan, as reviewed by Goldberg and McGinity (17), 
developed statistical models for corn, sorghum, barley, and 
feed grains (the three listed commodities plus oats) to explain 
changes in feed grain imports for Japan, Korea, and Taiwan. 
The data base for the estimated equation covered 1960 through 
1972. The results indicated that most of the growth in corn 
imports by Japan was due to the rising national income, the 
quantity of rice fed to livestock, and corn import prices. 
For Korea, the factors that affected quantity of U.S. corn 
imports were the government action (represented by dummay 
variables), national income, and import prices. The effect 
of government policies in their study was reflected by two 
events. The first event was the expansion of commercial 
livestock and poultry industries due to Korean government 
efforts in 1968, and the second, due to credit made available 
through U.S. sources for feed mills and other needed facili­
ties in 1969. Finally, for Taiwan, the major factors that 
affected corn imports were government policy (represented 
by dummy variables), national income, and the corn import 
price. 
Bale and Greenshields (2) conducted an analysis of the 
net social loss resulting from Japanese government inter­
vention in food markets. They estimated the cost of Japa­
nese price supports to farmers and the consumer subsidies 
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that maintained commodity prices at higher than the free 
world market level. The measurement of net social loss 
in their study included both loss in production and con­
sumption. The analysis was based on domestic demand and 
supply of wheat, rice, soybean, barley, milk, pork, chicken, 
and beef. The results of the study found that with the ex­
ception of the relatively efficient poultry industry, the 
protected livestock and the rice industries incurred the 
highest losses. The wheat and soybean industries incurred 
the smallest losses, because wheat and soybeans were 
virtually all imported. 
Reed (53) conducted a research on feed grain imports 
and their effect on feed grain prices in importing countries. 
The study considered six importing countries; Greece, Israel, 
Japan, Portugal, Spain, and the United Kingdom. A simul­
taneous model with six equations was used to explain the 
domestic price of feed grains in the importing country and 
the quantity of feed grains imported by the country. Other 
endogenous variables in the model were the price of live­
stock, the production of livestock products, the demand for 
livestock products, and the size of the livestock inventory 
in the importing country. The simultaneous model for each 
importing country allows the government of the importing 
country to control the domestic price of feed grains through 
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the government's manipulation of trade barriers for feed 
grains. 
Extensions on Previous Works 
The main objective in this study is to extend the work 
of Michael Robert Reed. This study's emphasis is on Japa­
nese imports of corn, sorghum, soybean, and soybean meal. 
There are two models involved. The first model assumes world 
supply of corn, sorghum, soybean, and soybean meal are per­
fectly elastic. This means that the world supply curves are 
horizontal. The second model assumes that the world corn 
supply is perfectly inelastic but the world supply of sorghum, 
soybean, and soybean meal are still perfectly elastic. In 
the second model, the world corn prices are determined by 
world corn import demand. 
This analysis allows the substitution between corn 
and sorghum in feed production and so the corn and sorghum 
import demands by Japan are treated as separate equations. 
For consumers' demand for livestock products, this study also 
allows the substitution among meat in consumption. 
The study also tries to capture the Japanese policy 
of diversified sources of corn imports, therefore, the 
quantity of corn imported from U.S. and Thailand are in­
cluded as endogenous variables. 
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Objectives of this Study 
The objectives of this study are; 
1. To study Japanese feed grains production and the 
livestock industry. 
2. To investigate Japanese domestic production and 
trade policies on feed grains and livestock 
products. 
3. To obtain Japanese import demands for corn, sorghum, 
soybean, and soybean meal. 
4. To investigate factors that influence Japanese 
import demand equations. 
5. To obtain the import demands for U.S. and Thai corn. 
6. To obtain the corn import demand by EEC and rest 
of the world. 
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CHAPTER III. JAPANESE GRAINS AND LIVESTOCK INDUSTRIES 
Although Japan has a modern and highly developed agri­
cultural industry, it is the world's largest net importer of 
agricultural products and the most important single-country 
market for U.S. agricultural exports. In 1976, of Japan's 
14 billion dollars of imports, nearly 4 billion dollars worth 
were from the United States. Grains and soybeans accounted 
of over 2.5 billion dollars of U.S. exports to Japan in that 
year. In recent years, Japan has bought 5 percent of all 
the grain produced by American farmers and 10 percent of 
all soybeans. 
Although the country has a high degree of dependence 
on foreign suppliers for food and other raw materials, 
Japan still maintains a strong commitment to as much self-
sufficiency in food as is practicable. Japan is about 72 
percent self-sufficient in all food: this includes 100 per­
cent in rice, more than 90 percent in vegetables and eggs, 
more than a.0 percent in milk, meat, and fruits, and less 
than 10 percent in wheat, corn, sorghum, and soybeans (25). 
To maintain a high degree of self-sufficiency will not 
be a simple task, because Japan is a small, heavily popu­
lated country with only 16 percent of its total land suit­
able for agriculture. With the exception of some fruits and 
vegetables, there is no comparative advantage in producing 
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agricultural products because of high production costs. 
Therefore, domestic agriculture is heavily protected from 
foreign competition by a variety of trade barriers (tariffs 
and quotas), and is heavily supported by producer subsidies 
and support payments. However, Japan has no trade barriers 
on feed grain imports for producing mixed feed, but one of 
its trade policies is diversified sources of supply, which 
helps to avoid undue reliance on any particular country as 
a source of agricultural products. For exemple, Japan 
has a trade agreement with Thailand to buy Thai corn 
annually. 
Agricultural Situation in Japan 
Land utilization 
Japan's dependence on foreign sources of agricultural 
production stems mainly from the rough topography which limits 
its agricultural capabilities. For example, a steep mountain 
range which runs through the Japanese Isles reduces the 
agricultural potential of the country. Two-thirds of the 
total land is mountain forest and unused land. Of the 
total area of 37 million hectares, only about 5.5 million 
hectares are used for agriculture. Most of the area 
utilized for agriculture is arable land. The 5.5 million 
hectares of arable land are made up of 3.1 million hectares 
of irrigated paddy fields, and 2.4 million hectares of dry 
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upland fields. Recent land utilization is shown in Table 
3-1. 
The arable land, which makes up 14.8 percent of the 
total land area is quite intensively utilized. The irrigated 
area in paddy fields is about 1.13 million hectares or 36 
percent of total paddy fields. This 1.13 million hectares 
can be double cropped. Climate and poor drainage make it 
technically impossible to double-crop paddy fields in many 
parts of the country. The cold winter is one factor that 
limits the double cropping area. Lack of irrigation is 
another factor, but the irrigable area in upland fields and 
orchards has been gradually expanded. The conversion rate 
of upland fields to paddy fields was about 12,000 hectares 
per year up until the mid-1960s. Conversion resulted because 
paddy rice was more profitable than dried field crops. In a 
double cropping pattern, after harvesting rice, the farmers 
plant a second crop, such as wheat, barley or rape seed on 
the paddy fields (29). 
Number of farm households 
The number of farm households has remained nearly 
constant for a long time. There was 5.4 million farm house­
holds in 1908 and 4.8 million in 1978. A decrease of 0.6 
million has occurred over a period of seventy years. As 
for land area per farm, of the total 5.4 million farm 
Table 3-1. Land utilization in 1977 (1,000 hectares)^ 
Arable lamd „ 
Forest 
Paddy Total Normal Land under Meadows 
land agricultural upland permanent ' 
field crops land 
37,082 5,515 3,133 2,382 1,248 604 530 24,867 6,700 
Percent 100 14.8 8.4 6.4 3.4 1.6 1.4 67.0 18.1 
^Ministry of Agriculture, Forestry, and Fisheries (43). 
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households in 1908, the number with less than 1 hectare was 
3.8 million farms or about 70 percent of the total number 
of farms. In 1978, the number of small farms dropped to 
3.3 million but remained nearly the same as in 1908 at 70 
percent of the total number of farms. The number of large 
farm households, those with more than 2 hectares, has de­
creased both in number and percentage. Yet, while a middle-
sized farm household owns 1-2 hectares and depends mainly 
on family labor for farm work numbers have remained the 
same, their percentage of total farms has increased from 
19.5 percent in 1908 to 21.9 percent in 1978. These figures 
indicate the tendency of farm size to move toward the medium-
sized farm as shown in Table 3-2. 
Table 3-2. Number of farm households according to farm 
size& 
Farm size 
(hectare) 
1 9 0 8  1 9 7 8  
Numbers 
( 1 , 0 0 0  
farms) 
Percent Numbers 
( 1 , 0 0 0  
farms) 
Percent 
Less than 1  3 , 7 0 8  6 9 . 9  3 , 3 0 9  6 9 . 1  
1 . 0 - 2 . 0  1 , 0 5 5  .  1 9 . 5  1 , 0 4 7  2 1 . 9  
to
 
0
 
1 w
 
o
 
3 4 8  6 . 4  2 5 4  5 . 3  
More than 3  2 2 5  4 . 2  1 7 8  3 . 7  
TOTAL 5 , 4 0 8  1 0 0 . 0  4 , 7 8 8  1 0 0 . 0  
^Ministry of Agriculture, Forestry, and Fisheries (43). 
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Type ownership 
Japanese agriculture underwent a major reform after 
World War II which changed the structure of land tenure. 
In 1935, only 31 percent of the farm operators owned their 
own land, 42 percent were part owners, and 27 percent 
were tenant farmers. However, in 1960, about 75 percent 
of all Japanese operators owned their own land, 22 percent 
were part owners, and only 3 percent were tenant farmers. 
This change of ownership resulted when drastic land refoinn 
was carried out under special legislation in the years 
1947-1950. The government expropriated farm land leased 
in excess of 1 hectare (4 hecatres in Hokkaido) by owners 
and land leased by absentee landlords. The land was then 
resold to tenant farmers whose properties, in principle, 
were not to exceed a total of 3 hectares (12 hectares in 
Hokkaido). The land reform brought a great deal of relief 
to the farmers, but it contributed little to transforming 
the traditional system of small-scale farming (49). 
Migration of farm labor force 
The migration of labor out of agricultural sector is 
mainly caused by the difference between incomes in the agri­
cultural sector and the industrial sector. High incomes, in 
manufacturing induced farm laborers to migrate to the 
industrial sector. The farm labor force has decreased as a 
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percentage of the total labor force and also in absolute 
numbers. In 1954, 15.3 million people, representing 38.1 
percent of the total labor force, were engaged in agri­
culture, compared with 7.4 million or 12.5 percent in 1978. 
This outflow of agricultural laborers has influenced the 
population structure in the rural area. It has increased 
the proportion of elderly and women workers on the farms 
(49) . 
Crop production 
After World War II, the main problem facing Japanese 
agriculture was to expand staple food production. Grain 
production (rice, wheat, and barley), as a whole, showed 
a fairly fast and steady growth throughout the 1950s. By the 
early 1950s,total grain production had increased to 13 
million tons compared with 12 million tons in 1935. By 
1960, Japan's grain production reached a peak of about 17 
million tons. This expansion was the combined result of 
public investments in land infrastructure, which increased 
the double cropped area, and the increase in rice yield 
per hectare (54) . Grain production fell slightly after 
1960, due mainly to the sharp reduction of wheat and barley 
production. Table 3-3 shows crop production trends in Japan. 
With the major exception of rice production, Japan's 
domestic crop production could not keep up with the increases 
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Table 3-3. Crop production trends in Japan, 1950-1977^ 
1950 1955 • 1960 1965 1970 1974 1975^ 1966^ 1977^ 
Agricultural land 
(1,000 ha) 5858 5982 6071 6005 5796 5615 5572 5536 5515 
Rice 3011 3222 3308 3255 2923 2724 2764 2779 2757 
Wheat 762 661 602 476 229 83 90 89 86 
Soybeans 303 385 307 184 98 93 87 110 111 
Barley 1017 992 838 422 226 78 78 81 78 
Com 60 50 44 30 46 5 4 4 3 
Crop production 
(1 million tons) 
Rice 9.6 12.4 12.9 12.4 12.7 12.3 13.2 11.8 13.1 
Wheat 1.338 1.468 1.534 1.287 0.474 0.232 0.241 0.222 0.236 
Soybeans 0.4 0.5 0.4 0.2 0.1 0.1 0.1 0.1 0.1 
Barley 1.958 2.408 2.301 1.234 0.573 0.233 0.221 0.210 0.206 
Com .09 .10 .115 .075 0.148 0.014 0.013 0.011 0.008 
Crop yields 
(tons per acre) 
Rice 3.27 3.97 4.01 3.90 4.42 4.55 4.81 4.27 4.78 
Wheat 1.75 2.21 2.54 2.70 2.07 2.80 2.69 2.50 2.75 
Soybeans 1.08 1.32 1.36 1.25 1.32 1.43 1.45 1.32 1.40 
Barley 1.93 2.43 2.75 2.92 2.53 3.01 2.83 2.62 2.64 
Com 1.50 2.0 2.61 2.50 3.22 2.80 2.75 2.75 2.67 
Sanderson (54). ' 
^Ministry of Agriculture, Forestry, and Fisheries (43). 
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in demand. So large imports of wheat, soybean, barley, 
corn and sorghum are still required. 
Rice Rice is the most important crop in Japan. 
Production has been maintained at about 12 million tons. 
Acreage under rice cultivation decreased from 3 million 
hectares in 1950 to 2.8 million hectares in 1977. But 
yield per hectare has risen remarkably from 3.3 tons per 
hectare in 1950 to 4.8 tons in 1977, as shown in Table 3-3. 
The increasing productivity was in part from Government 
assistance to farmers to boost farm incomes. Furthermore, 
the use of improved fertilizers and pesticides has in­
creased productivity to the point where Japan now has the 
world's largest rice yields. Consequently, production 
during 1960 to 1977 increased by 1.5 percent, even though 
the area harvested dropped 17 percent (22). Another factor 
that increased yields was the high domestic price support 
policy which was designed to maintain a high level of self-
sufficiency in food grains and to preserve the role of rice 
as the principal food grain (54). In 1965-67, rice pro­
duction became so much more profitable than other field 
crops that it caused resources to be shifted to rice pro­
duction. Rice production continued to rise until it reached 
a record 14.4 million tons in 1967. From 1967, total 
rice area declined so production dropped to 13.1 million 
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tons in 1977. 
Japanese per capita consumption of rice tends to decrease 
over time. Table 3-4 shows the food consumption in Japan 
by year. Per capita consumption of rice dropped from 115 
kilograms in 1960 to 81 kilograms in 1978. The quantity of 
rice consumption per head fell by 30 percer.U in that period. 
Due to increases in Japanese per capita income, their diet 
has changed. The Japanese have shifted away from rice to 
wheat, fruits, and livestock products. 
Table 3-4. Food consumption trends in Japan, 1955-1975^ 
(kilogram per capita per year) 
Item 1955 1960 1965 1970 1975 1977^ 1978^ 
Cereals 156 150 145 128 122 118 117 
Rice 111 115 112 95 88 83 81 
Sugar 12 15 19 27 26 26 25 
Vegetables 82 100 110 116 111 116 115 
Fruit 12 22 28 38 43 41 40 
^Sanderson (54). 
^Ministry of Agriculture, Forestry, and Fisheries (44). 
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Because of the decrease in total domestic rice consump- . 
tion, while production still remains the same, the rice stock 
held by the government has increased. To decrease the 
surplus, in early 1979, as in 1971, the Japanese Government 
began a program aimed at subsidizing the sale of 4.8 million 
metric tons of rice (brown basis) for export, animal feeding, 
and industrial uses such as alcohol production. Later, Japa­
nese officials announced that the program would be expanded to 
cover 6,5 million metric tons, with 2.5 million for export, 2.5 
million for feed, and 1.5 million for industrial uses (22). 
To bring domestic rice production into line with con­
sumption the Japanese government, in 1980, is offering 
farmers about 1,800 dollars per hectare to divert 535 thou­
sand hectares of rice land to other crops, such as wheat, 
barley, and soybeans (22). 
The current program probably will not completely 
eliminate surplus rice production. The surplus persists 
because of three basic factors : declining per capita rice 
consumption, rising productivity in rice production, and 
increasing support prices. 
Japan's rice program over the past several years has 
cost the government about 3 million dollars annually but the 
Japanese people are still willing to pay the high cost of 
supporting rice farmers for several reasons (22). First, 
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because of the trauma caused by food shortages after World 
War II, the Japanese are very concerned about food security. 
Such concerns are exacerbated by the fact that Japan must 
rely on imports for about half of its food needs on a caloric 
basis. The Japanese agree on the policy that they should 
become as self-sufficient as possible in the production of 
staple foods such as rice. 
Second, there is a widespread sympathy for farmers, 
even in urban areas. Although Japan is now an urban society, 
many Japanese still have close ties with their families in 
rural areas. 
A third reason is that the costs of the rice program 
have not been obvious to consumers. Since the Food Agency 
sells rice for less than its procurement price, consumers 
are insulated from the full effect of increases in the 
support price. Although the Food Agency's growing deficits 
must be covered with government funds each year, the cost 
has not been apparent to consumers. In 1976, the govern­
ment purchase price was 920 dollars per metric tons and the 
government selling price to consumers was 724 dollars per 
metric ton. 
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Wheat In Japan, wheat is largely a second crop 
grown on land used to grow rice over the summer. Historically, 
wheat production increased sharply from the year 1880 to 1940. 
Acreage under wheat cultivation which totaled only 360 thou­
sand hectares in 1880, increased to 800 thousand hectares in 
1940. The yield per hectare increased from 1 metric ton 
to 2.4 metric tons during this period. Production increased 
largely in response to growing domestic demand (67) . After 
1940, the acreage under wheat tended to decrease even though 
the farm prices for wheat increased. The cultivated area 
under wheat dropped to 86 thousand hectares in 1977, but 
the yield per hectare increased to 2.8 metric tons as 
shown in Table 3-3. 
The decline in wheat production is the result of several 
factors. Firstly, rice production has been and continues to 
be more profitable than wheat production. During 1960-
76, the government.''s purchase price of rice was increased 
four-fold, while the price of wheat was increased only three­
fold as shown in Table 3-5. 
Secondly, the profitable cultivation of wheat requires 
comparatively more land than does rice cultivation and 
Japanese farm land is very expensive (7). Thirdly, the new 
high-yield rice varieties are planted earlier and tend to 
take longer to mature than the old varieties. This cuts into 
Table 3-5. Government intervention prices, average farm prices, government selling prices, and GIF 
prices of rice, wheat, barley, and soybeans^ (unit 1000 yen per ton) 
Item 1960 1965 1970 1971 1972 1973 1974 1975 1976 
Rice 
Gov. purchase price 69 108 138 142 149 172 227 259 276 
Farm price 70 104 137 . 141 146 165 212 246 270 
Gov. selling price 70 94 124 123 129 130 171 203 224 
GIF price 34 42 46 49 41 66 102 77 70 
Wheat 
Gov. purchase price 38 47 59 63 66 74 93^ 102^ 109^ 
Gov. selling price 36 35 35 35 34 38 46 47 59-
GIF price 24 25 24 25 22 32 65 59 45 
Barley, naked h V, K 
Farm price 35 49 60 65 68 77 . 96 106 114 
GIF price n.a. 23 19 24 20 29 49 47 n.a. 
Soybeans 
Farm price 51 68 84 90 97 112 191 211 232 
GIF price 34 44 41 46 43 56 79 84 84 
^Sanderson (54). 
^Ministry of Agriculture, Forestry, and Fisheries (43). 
°n.a. - not available. 
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the growing season for wheat, in some cases, allowing in­
sufficient time for a wheat crop to mature. Finally, most 
farmers farm parttime and prefer to plant only one crop 
per year in order to supplement their off-farm income (2). 
The domestic uses of wheat are generally classified 
into three groups (67) : for food or for flour milling, for 
making SHOYU or soy sauce, and for feed. 
Even though there is general tendency to consume less 
cereals, wheat has maintained its level of consumption 
mainly because wheat is a superior source of protein 
compared with other cereals and provides more calories per 
gram than barley, rice or potatoes. Of all wheat products, 
bread's relative importance in the Japanese diet has grown 
the most, becoming an important rice substitute (7). 
Trends in the Japanese diet have favored increased wheat 
consumption and decreased rice consumption. If this con­
sumption pattern continues as it has, Japan will become 
increasingly dependent on imported wheat, while the domestic 
rice market will continue to lose ground and government 
rice stocks will increase (7). Total domestic use of wheat 
for food increased from 2.4 million metric tons in 1960 to 
3.6 million metric tons in 1977 as shown in Tablq 3-6. 
The use of wheat for feed is another component of 
demand. As a feed, wheat is either used in its whole form 
Table 3-6. Total supply and demand of wheat in Japan^ (unit 1,000 metric 
tons) 
Year 
Domestic 
production 
Imports Supplies 
for domestic 
consumption 
Food 
use 
Feed 
use 
Processing 
and other 
uses 
1960 1,531 2,660 3,965 2,406 468 275 
1961 1,781 2,660 4,190 2,437 616 268 
1962 1,681 2,490 4,272 2,473 646 271 
1963 716 3,412 4,290 2,587 520 261 
1964 1,244 3,471 4,505 2,731 534 267 
1965 1,287 3,532 4,631 2,849 530 287 
1966 1,024 4,103 4,983^ 3,099 543 291 
1967 997 4,238 5,106 3,162 592 381 
1968 1,012 3,996 5,092 3,172 567 279 
1969 758 4,537 5,245 3,209 667 281 
1970 474 4,621 5,207 3,192 701 . 287 
1971 440 4,726 5,206 3,252 632 276 
1972 284 5,317 5,372 3,315 713 278 
1973 202 5,369 5,498 3,366 708 340 
1974 232 5,485 5,517 3,439 619 353 
1975^ 241 5,715 5,956 3,527 c n.a. 317 
1976^ 222 5,545 5,767 3,590 n.a. 332 
1977^ 236 5,662 5,898 3,631 637 315 
^United States Department of Agriculture (67). 
^Ministry of Agriculture, Forestry, and Fisheries (43). 
°n.a. - not available". 
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or milled into bran. The use of whole wheat has certain 
limitations. Because of its high starch content and high 
density, it can not be used as a primary constituent 
in mixed-feed (7). Wheat is about equal in feeding 
value to corn for dairy cows and is a good substitute 
for corn or barley in fattening cattle. It is slightly 
superior to corn in feeding swine. Poultry prefer wheat 
to all other grains, and a limited amount is often included 
in poultry rations to increase their palatability (39). 
Over the years, the use of whole wheat in rations has been 
of relatively minor importance in Japanese livestock 
feeding. 
Wheat bran has been more important in feed use than 
whole wheat. In 1958, the government initiated the program 
to promote the use of wheat bran in livestock feeding. 
Special mills were designated to produce the bran. The 
process yields less flour than normal milling and produces 
more bran (7). 
Total domestic'production of wheat is very low compared 
with domestic consumption. In 1977, wheat production was 
only 236 thousand metric tons while domestic consumption was 
5.9 million metric tons and wheat imports were 5.7 million 
metric tons as shown in Table 3-6. The big suppliers of 
wheat to Japan are the U.S. and Canada. 
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Wheat marketing in Japan is controlled by the Govern­
ment. The Food Agency draws up the supply and demand program 
of wheat for all uses every fiscal year. After the supply 
and demand program has been determined the Food Agency 
purchases domestic wheat, imports foreign wheat, stores 
what is necessary, and sells periodically to millers and 
other users (67) . The government purchases wheat from 
domestic producers for approximately twice the price that 
it pays for imported wheat as shown in Table 3-5. 
Soybeans The area under soybean cultivation has 
declined sharply over the last two decades. In 1955, the 
planted area was 385 thousand hectares and by 1977 had 
fallen to 111 thousand hectares. Total domestic production 
dropped from 507 thousand metric tons to 126 thousand metric 
tons in the same period. The yield per hectare has not 
shown any remarkable change. In 1955, the yield per hectare 
was 1.3 metric tons and it increased slightly to 1.4 metric 
tons in 1977 as shown in Table 3-3. The low growth of yield 
per hectare is due to the fact that most of farmers plant 
soybeans just for household consumption (29). 
Historically, the Japanese consumed practically all 
their soybeans directly as food. Soybeans were their major 
source of protein. This pattern changed rapidly with the 
growth of the livestock industry following World War II. 
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Most soybeans today are crushed for animal feed.(8). The 
use of soybean meal for feed increased, due to expanded 
mixed-feed production. For example, 400 thousand metric 
tons were used in 1962 for mixed-feed but by 1977 an 
equivalent of 2.8 million metric tons of soybeans were 
being used in mixed-feed. 
Japan is very dependent on foreign supplies of soy­
beans.* Domestic production represents only a small percent 
of total domestic consumption. In spite of increasing real 
farm prices for soybeans, production still declined (2). 
Japan is the world's largest importer of soybeans, accounting 
for about 16 percent of total world soybean trade. Imports 
of soybeans increased from 1.1 million metric tons in 1960 
to 4.4 million metric tons in 1978. There was a leveling 
off in the mid-1970s occasioned by tight U.S. supplies and 
high prices. But, the upward trend has since resumed, and 
annual imports now exceed 4 million metric tons per year. 
The U.S. is the main source of Japan's imported soybeans, 
which are used for crushing (oil and meal) and for food. 
The People's Republic of China regularly supplies small 
amounts of soybeans for human consumption. They export to 
Japan about 200-300 thousand metric tons per year (41). 
In the past, incomes of soybean producers were stabilized 
under the Agricultural Price Stabilization Act of 1953. 
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Soybeans were purchased by the government when producer 
prices fell below a certain level. When the policy of 
liberalized soybean importation was implemented in 1961, the 
government feared that soybeans prices would decline. The 
provisions of the Agricultural Price Stabilization Act were 
considered inadequate as the government no longer fully con­
trolled the total soybean supply. For these reasons, the 
Soybeans and Rape-Seed Price Subsidy Temporary Measures Act 
was adopted in November 1961. The objective of this Act was 
to protect producers' income against a possible decline in 
prices resulting from the liberalized soybean import policy. 
This Act provided deficiency payments to producers who 
sold soybeans or rape-seed through the agricultural co­
operative and dealer's associations. The amount of the 
payment to the producer from the government was equal to 
the difference between the guaranteed price and the pro­
ducer's price (49). Wholesale and retail prices are not 
subsidized. Japanese consumers pay a price that represents 
the domestic farm price of soybeans, which is above the 
world price, plus associated marketing margins and processing 
costs (.2) . 
46 
Barley Barley is produced largely by double-cropping 
paddy land following the rice harvest. The total cultivated 
area in barley production declined to 78 thousand hectares 
in 1977, compared with 838 thousand hectares in 1960. 
Total production was 2.3 million metric tons in 1960 and 
declined to 206 thousand metric tons in 1977 as shown in 
Table 3-3. The yield per hectare increasëd slightly. In­
creases in the support price, and payments to encourage 
double cropping on paddy land have not stemmed the decline 
in the production of barley. The decline in barley produc­
tion is the result of two factors. First, barley is less 
profitable than rice. Second, because the growing-season 
for barley follows the rice crop, it requires work in the 
off-season, at which time most Japanese farm families usually 
find it more advantageous to accept nonagricultural employ­
ment (54) . 
In 1977, total domestic consumption of both malting and 
feed barley was 2.4 million metric tons compared with 206 
thousand metric tons of domestic production. The quantity 
of barley imported was 2.2 million metric tons in 1977. 
Data in Table 3-7 show that in 1977 the amount of barley 
used for food was 100 thousand metric tons and for processed 
products the amount was 784 thousand metric tons. More 
than half was used for other purposes; and mainly for feed. 
Per capita barley consumption as food (excluding malting) 
Table 3-7. Japan: Total supply and demand of barley from 1967-1977^ (unit 1,000 metric tons) 
Domestic consumption 
Year Domestic production Imports 
buppxier 
for domestic 
consumption 
For food For process Others^ 
1967 673 666 1,348 162 359 827 
1968 640 777 1,380 155 381 844 
1969 538 806 1,430 118 455 857 
1970 418 1,072 1,474 76 482 916 
1971 364 1,138 1,556 89 494 973 
1972 250 1,488 1,726 88 570 1,068 
1973 171 1,817 2,074 121 662 1,291 
1974 182 2,038 2,086 112 693 1,281 
1975 174 2,117 2,147 110 710 1,327 
1976 170 2,258 2,207 103 724 1,380 
1977 167 2,238 2,311 100 784 1,427 
^Prime Minister's Office, Statistical Bureau (52). 
Most of its use for animal feed. 
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declined rapidly between 1956 and 1976, but the consumption 
in the beer making process increased steadily(2). 
As a feed, ground barley is of comparable feeding value 
to corn for fattening cattle. For dairy cattle, barley is 
as good as corn when composing 40 to 60 percent of the 
ration. Barley is also good feed for hogs, but it needs to 
be ground where corn does not. However, barley is less 
palatable than corn in poultry feeds, and due to the hulls, 
the growth of chicks is decreased if more than 30 percent 
of ground barley is used in a chick starter. Broiler growth 
is also retarded if barley comprises more than 15 percent 
of ration (39). Only a relatively small amount of barley 
as a percent of the total used in feeds, is used in mixed-
feed. Data in Table 3-9 show that in 1977 only 165 
thousand metric tons of barley were used in mixed-feed. 
As with wheat, barley marketing is controlled by the 
government. Until 1951, the price and marketing of barley 
was directly controlled by the government under the Food 
Control Act. In 1952, barley marketing was freed from direct 
government control. Since then, the government has under­
taken to purchase any quantity of barley offered by the 
producers at fixed support prices in an effort to regulate 
the market and to stabilize producer prices. The support 
prices are fixed, at a level under which future barley pro­
duction can be secured by the government, with regard to 
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production of the cereals concerned and other relevant eco­
nomic factors. Imports of barley are controlled by the 
government. Locally produced and imported barley is 
purchased by the government and resold to barley polishers. 
The government sets the selling price of barley by taking 
into account the rate of increase in consumers' living 
expenses; the relationship between the prices of barley, 
wheat and rice; and other relevant economic factors (49). 
Corn Data in Table 3-3 show that Japanese domestic 
corn production has declined. The area under corn cultiva­
tion dropped from 44 thousand hectares in 1960 to 3 thou­
sand hectares in 1977. Total production declined from 115 
thousand metric tons to 8 thousand metric tons in the same 
period. The yield per hectare remained unchanged. Imports 
supply nearly all of the corn used domestically. Imports 
of corn showed a sharp upward trend exceeding 1 million 
metric tons for the first time in 1960. The U.S. has been 
the major corn supplier to the Japanese market. Other 
sources of Japanese corn imports are Thailand, South 
Africa, and Argentia. In 1978, the United States exported 
8.6 million metric tons to Japan. South Africa shipped 1.3 
million metric tons of corn and Thailand shipped 402 thou­
sand metric tons to Japan, as shown in Table 3-8. 
Table 3-8. Sources of Japanese corn imports^ (unit 1,000 
metric tons) 
Year U.S. Argentina South Africa Thailand 
xu uax 
Japanese corn 
import 
1960 184 428 254 441 1,354 
1961 515 286 446 338 1,831 
1962 1,032 52 868 230 2,316 
1963 1,061 75 779 453 2,645 
1964 1,545 11 626 845 3,229 
1965 2,302 9 30 . 560 3,434 
1966 2,234 17 - 826 3,598 
1967 1,584 59 707 671 3,960 
1968 2,542 178 667 666 5,144 
1969 3,439 447 375 487 5,488 
1970 4,393 256 683 650 6,018 
1971 2,682 - 683 925 5,007 
1972 3,398 - 1,175 862 6,051 
1973^ 6,468 - 915 387 7,770 
1974^ 6,976 - 104 781 7,940 
1975b 5,438 17 656 766 7,470 
1976^ 5,489 3 1,094 935 8,383 
1977b 7,639 205 781 400 9,069 
1978^ 8,608 83 1,278 402 10,534 
SL ' United States Department of Agriculture (63). 
^Coyle (6), Greenshields (20), Greenshields and Brigida 
(21), United States Department of Agriculture (68). 
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Corn consumption has advanced rapidly in Japan 
during the last two decades as both feed and industrial 
uses have steadily increased. One major factor is 
the development of the livestock industry in order to meet 
the increasing demand for livestock products which in­
creased the demand for corn to produce mixed-feed. 
Table 3-9 shows that the amount of corn used in mixed-
feed increased from 2.3 million metric tons in 1962 to 
7.4 million metric tons in 1977. The proportion of corn 
used in mixed-feed dropped from 45 percent in 1962 to 
37 percent in 1977 as Japanese feed producers realized that 
grain sorghum can be substituted directly for corn in live­
stock rations. The substitution ratio of grain sorghum 
for corn depends mainly on the price ratio. In terms of 
feeding value, corn is one of the best feeds for use in 
broiler rations. A large percentage of corn is included 
in most of the high energy mashes for broilers. It is an 
excellent feed for dairy cattle but is generally used as 
only a part of the concentrate mixture. Corn is also a 
good beef cattle feed and for growing and fattening hogs. 
Grain sorghum is well-liked for fattening cattle and 
produces nearly as rapid as growth does corn. The feeding 
value of grain sorghum is close to that of corn for poultry 
when used in well-balanced rations. If a large proportion 
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Table 3-9. Quantity of corn, sorghum, rice, wheat, barley, 
and soybean meal used in mixed-feed^ (unit 
1,000 metric tons) 
Year 
Total 
mixed-
feed 
Corn Sorghum Rice Wheat Barley Soybean 
meal 
1962 5,030 2,286 401 - 43 6 319 
1963 6,277 2,583 787 - 38 31 416 
1964 7,543 3,016 1,011 36 83 521 
1965 8,188 2,869 1,544 - 21 125 623 
1966 9,945 3,233 2,366 - 17 97 806 
1967 10,362 3,313 2,581 - 18 87 858 
1968 11,403 4,284 2,275 - 17 90 939 
1969 13,443 4,765 2,939 - 43 109 1,239 
1970 15,097 4,417 3,972 — 140 129 1,469 
1971 15,749 3,949 3,615 1,405 125 130 1,596 
1972 17,425 5,232 3,621 1,277 132 148 1,778 
1973 18,140 6,332 3,895 493 122 233 1,776 
1974 17,075 6,093 4,197 - 45 153 1,709 
1975 16,897 6,263 3,815 - 15 157 1,787 
1976 18,671 6,787 4,613 - 58 166 1,942 
1977 19,948 7,351 5,031 - 132 165 2,205 
^Ministry oE Agriculture, Forestry, and Fisheries (43). 
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of grain sorghum is used in a broiler ration, it will pro­
duce undesirable white skinned birds. Grain sorghum is an 
excellent hog feed (39). Another factor that influences 
the use of corn in feed rations is Japaness government 
policy which tries to eliminate the rice surplus by en­
couraging use of rice in feed formulas. In 1971 and 1972 
the use of rice in mixed-feed tended to drop the per­
centage of corn used for feed from 35 to 30 percent. 
The industrial use of corn is also increasing rapidly. 
Data in Table 3-10 shows that the quantity of corn used for 
processed products increased from 48 thousand metric tons 
in 1960 to 2.3 million metric tons in 1977. Corn used for 
processed products accounted for 25 percent of the total 
corn imports in 1977. Production of corn starch and its by­
products consumes over half the corn that Japan uses for 
industrial purposes. Table 3-11 shows that cornstarch has 
grown from the smallest to largest category of starch 
production over the last two decades. This is due to the 
increasing popularity of cornstarch in the confectionary 
industry and declining use of sweet potatoes in starch-
making (17). 
There are three main reasons for the growing demand 
for corn in Japan: increasing per capita real income, 
rapid industrial growth, and technological developments in 
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Table 3-10. Quantity of 
purposes^ 
corn imports for feed and nonfeed 
Year For feed For nonfeed 
Percentage 
imports 
Feed 
of corn 
for; 
Nonfeed (1,000 metric tons) 
1960 1,306 48 96% 4% 
1961 1,769 62 97 3 
1962 2,197 119 95 5 
1963 2,434 211 92 8 
1964 2,946 283 91 9 
1965 2,946 488 86 14 
1966 3,065 533 85 15 
1967 3,185 775 80 20 
1968 4,042 1,102 78 22 
1969 4,172 1,316 76 24 
1970 4,383 1,635 73 27 
1971 3,401 1,606 68 32 
1972 4,346 1,705 72 28 
1973 5,825 1,945 75 25 
1974 5,841 2,099 74 26 
1975 5,767 1,703 77 23 
1976 6,261 2,122 75 25 
1977 6,816 2,253 75 25 
^Prime Minister's Office, Statistical Bureau (52). 
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Table 3-11. Starch production by raw material source in Japan, 
1960-1975^ (unit 1,000 metric tons) 
Year 
Sweet 
potato 
starch 
White 
potato 
starch 
Wheat 
starch Cornstarch Total 
1960 474 158 110 28 770 
1961 525 170 110 36 841 
1962 607 130 80 85 902 
1963 740 150 70 140 1,100 
1964 650 180 55 220 1,105 
1965 550 250 60 305 1,165 
1966 540 130 84 400 1,154 
1967 495 208 70 520 1,293 
1968 367 320 60 510 1,257 
1969 264 245 60 539 1,108 
1970 230 244 60 581 1,115 
1971 175 233 65 594 1,067 
1972 174 261 70 615 1,120 
1973 92 193 70 706 1,061 
1974 91 164 70 617 942 
1975 98 209 b n.a. 710 n.a. 
^Goldberg and McGinity (17). 
^n.a. = not available. 
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processing that have created new products and markets 
(17) . 
The importing of corn for feed is free from duties. 
The tariff-quota system is applied only for corn imported 
for processed products. Cornstarch manufacturers can im­
port a certain amount of corn under an import quota 
without paying any duty, but they are obliged to buy a 
certain amount of domestic potato starch from farmers' 
cooperatives as a protection for domestic potato growers. 
Otherwise, they must pay import duties of about fifty ' 
dollars per metric ton. Other processors may import 
a limited quantity of corn with a range of a 0 to 10 per­
cent duty under tariff-quotas for processed products. Any 
amount of corn imported above the quota has to pay import 
duties of about fifty dollars per metric ton (17). 
Grain sorghum Japanese farmers produce negligible 
amounts of grain sorghum. Grain sorghum imports rose from 
a small amount in 1960 to 5.2 million metric tons in 1977. 
Nearly all of the sorghum imported is used for producing 
mixed-feed. The U.S. was the main grain sorghum supplier 
to Japan until 1969. During the 1970s, Argentina and 
Australia increased their shipment of grain sorghum to the 
Japanese market. Table 3-12 shows that in 1978, the U.S. 
and Argentina each had half of sorghum market in Japan. 
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Table 3-12. Sources of Japanese sorghum imports from 
1960-1978^ (unit 1,000 metric tons) 
Year U.S. Argentina Australia Total 
1960 45 — — 45 
1961 146 - - 146 
1962 394 - 6 400 
1963 741 9 - 750 
1964 797 227 - 1,030 
1965 1,285 193 - 1,499 
1966 2,005 181 15 2,262 
1967 2,243 136 22 2,583 
1968 1,887 91 68 2,314 
1969 1,937 874 - 2,859 
1970 2,189 1,310 266 3,790 
1971 1,578 1,112 1,024 3,810 
1972 2,050 533 726 3,505 
1973*) 2,597 236 679 3,742 
1974^ 3,116 558 590 4,474 
1975^ 2,176 943 750 3,794 
1976*) 2,302 766 870 4,227 
1977*) 2,278 2,040 623 5,181 
1978*) 2,347 2.397 161 5,112 
^United States Department of Agriculture (63). 
^Coyle (6), Greenshields (20), Greenshields and Brigida 
(21), United States Department of Agriculture (68). 
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The rapid increase of Japanese sorghum imports is due 
mainly to the low price of sorghum compared with corn. 
Sorghum can be substituted for corn in mixed-feed. 
Mixed-feed production 
Japan's mixed-feed industry is one of the worlds 
largest. In 1976, there were 220 plants operating com­
mercially (17). Total domestic mixed-feed production 
increased from 4.6 million metric tons in 1961 to 20 million 
metric tons in 1977. Table 3-13 shows that poultry feed is 
the largest component of feed production. In 1977, about half 
of the total mixed-feed, was poultry feed. Hog feed is the 
second largest component of feed production. 
Commercial mixed-feed prices were nearly stable during 
1962 to 1972 period. Inflation in 1973 and 1974 caused a 
sharp increase in prices. Feed prices in 1974 were nearly 
double those in 1972. After 1974, feed prices were stable 
once again as shown in Table 3-14. The stability of feed 
prices since 1974 is due mainly to government intervention 
in the feed market while the price stability before 1973 
was due to the efforts of private association. Early in 
1975, the Japanese government provided money for subsidy 
payments to livestock producers to stabilize domestic 
feed price levels. In the past, livestock feeders re­
ceived a subsidy from private funds. The private funds were 
managed by the National Federation of Agricultural Coopéra-
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Table 3-13. Mixed feed production for livestocks in Japan; 
1960-19778 (unit 1,000 metric tons) 
Year Chicks Layer Broiler Pigs Dairy Beef 
1960 586 1,335 n.a. n.a. 309 5 
1961 627 1,967 140 465 403 10 
1962 687 2,400 186 628 520 16 
1963 869 3,365 296 874 640 36 
1964 953 4,095 383 1,157 711 56 
1965 793 4,069 455 1,773 803 78 
1966 949 4,443 705 2,552 925 125 
1967 898 4,713 795 2,423 1,067 234 
1968 1 ,002 4,997 993 2,433 1,301 448 
1969 1 ,076 5,404 1,401 3,100 1,521 600 
1970 1 ,064 5,880 1,506 3,932 1,741 876 
1971 934 5,894 1,745 4,032 1,812 1 ,203 
1972 933 6,185 2,045 4,699 1,945 1 ,453 
1973 854 6,063 2,196 5,155 1,907 1 ,835 
1974 769 5,693 2,170 4,860 1,792 1 ,665 
1975 829 5,694 2,315 4,538 1,833 1 ,544 
1976 856 5,948 2,579 5,197 1,960 2 ,008 
1977 875 6,130 2,925 5,597 2,115 2 ,154 
'^Ministry of Agriculture, Forestry, and Fisheries (43). 
60 
Table 3-14. Mixed-feed prices for livestock in Japan: 
. 1962-1977^ (yen per 20 kg) 
Year Chicks Layer Broiler Pigs Dairy Beef 
1962 711 722 774 685 639 n.a. 
1963 714 751 781 699 650 n.a. 
1964 732 760 811 749 679 n.a. 
1965 748 780 834 783 704 n.a. 
1966 757 791 857 795 712 722 
1967 754 789 857 795 710 724 
1968 748 778 852 796 711 726 
1969 745 775 868 799 720 722 
1970 797 830 918 823 744 754 
1971 814 845 939 834 761 766 
1972 773 798 916 817 728 740 
1973 1, 088 1,134 1 ,286 , 1 ,143 989 1,001 
1974 1, 435 1,509 1 ,695 1 ,505 1 ,293 1,307 
1975 1, 399 1,452 1 ,636 1 ,486 1 ,281 1,310 
1976 1, 417 1,478 1 ,693 1 ,514 1 ,325 1,326 
1977 If 363 1,435 1 ,670 1 ,452 1 ,294 1,275 
^Ministry of Agriculture, Forestry, and Fisheries (43). 
61 
tive Associations (Zenno), the Japan Feed Manufacturers 
Association, and a group of agricultural cooperatives not 
included in Zenno. The purpose of these private funds 
was to stabilize feed prices at fixed levels. The private 
funds were free to make compensating payments for rela­
tively small changes in feed price levels. The government 
fund makes payments only if mixed-feed price increases 
exceed 8 percent in a given year or if prices for feed 
ingredients increase by more than 15 percent (17). 
Livestock and livestock products 
Before World War II, most of Japan's livestock was used 
for tilling the land, and the livestock industry was mostly 
an adjunct to the main enterprise of agriculture, the culti­
vation of rice. The number of animals remained generally 
constant (29). 
Since World War II, the Japanese livestock industry 
has shown a remarkable development which is due mainly to 
the increasing demand for livestock products as a result of 
rapidly increasing real per capita income from 741 dollars in 
1955 to 3,396 dollars in 1975 and a change in tastes towards 
more meat consumption. Total meat (beef, pork, and poultry 
meat) production increased six-fold from 385 thousand metric 
tons in 1960 to 2.5 million metric tons in 1978. The in­
crease in meat production is mainly due to the rapid develop­
ment of the poultry and hog industries. Pork and poultry 
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meat production increased more than eight-fold during 1960 
to 1978. 
Despite the marked shift towards increased consumption 
of livestock products in the past two decades, the Japa­
nese diet still is considerably more vegetarian than that 
of other industrial countries. In 1973, Japanese beef 
consumption was one-third that of Britain and less than 
one-half that of Italy eventhough Japanese real per capita 
income was higher (54) . The low level of Japanese beef 
consumption compared to other industrial countries is a 
result of: first, beef prices in Japan being substantially 
higher than in other countries, and second, the avail­
ability of fish as a substitute for beef. 
Chicken and eggs The number of broilers increased 
from 4 million birds in 1961 to 103 million birds in 1977 
as shown in Table 3-15. Behind the rapid growth of the 
broiler industry was: (a) greater output by large scale 
producers who are able to maintain favorable profits be­
cause of economics of size and (b) the stability of feed 
prices (73) . Production of poultry meat increased nearly 
ten-fold over the 1960-1978 period. Total poultry meat 
production was 98 thousand metric tons in 1960 and increased 
to 944 thousand metric tons in 1977 as shown in Table 3-16. 
Figures in Table 3-17 show that per capita poultry meat 
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Table 3-15. Numbers of livestock in Japan: 1960-1977^ 
(unit 1,000 hands) 
Year Beef 
cattle 
Dairy 
cattle Hogs Broilers Layers 
1960 2,340 824 1,918 n j.â # 54,627 
1961 2,313 885 2,604 4,079 67,712 
1962 2,332 1,002 4,033 5,141 84,855 
1963 2,337 1,145 3,296 6,652 91,795 
1964 2,208 1,238 3,461 13,174 107,738 
1965 1,886 1,289 3,976 18,279 120,197 
1966 1,577 1,310 5,158 21,920 114,500 
1967 1,552 1,376 5,975 31,365 126,043 
1968 1,666 1,489 5,353 34,736 140,069 
1969 1,795 1,663 5,429 41,087 157,292 
1970 1,789 1,804 6,335 53,742 169,789 
1971 1,759 1,856 6,904 63,114 172,226 
1972 1,749 1,819 6,985 67,922 164,034 
1973 1,818 1,780 7,490 80,177 161,978 
1974 1,898 1,752 8,018 88,996 160,501 
1975 1,857 1,787 7,684 87,659 154,504 
1976 1,912 1,811 7,459 92,934 156,534 
1977 1,987 1,888 8,132 103,322 160,550 
^Pood and Agricultural Organization of the United 
Nations (12). 
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Table 3-16. Production of livestock products in Japan: 1960-
1977^ (unit 1,000 metric tons) 
Year Beef 
Milk and 
milk 
products 
Pork Chicken 
meat Eggs 
1960 142 1,858 147 96 546 
1961 143 2,082 206 97 728 
1962 146 2,413 324 121 780 
1963 186 2,787 279 142 851 
1964 297 3,053 342 181 995 
1965 217 3,271 407 205 1,036 
1966 155 3,431 565 261 1,087 
1967 158 3,662 603 303 1,296 
1968 176 4,141 590 336 1,373 
1969 237 4,575 588 423 1,551 
1970 278 4,789 734 505 1,735 
1971 296 4,841 843 571 1,801 
1972 317 4,944 885 644 1,794 
1973 246 4,898 971 706 1,800 
1974 321 4,876 1,098 730 1,799 
1975 353' 5,008 1,040 756 1,788 
1976 298 5,369 1,056 834 1,859 
1977 364 5,847 1,169 944 1,883 
^Food and Agricultural Organization of the United 
Nations (12).. 
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Tablé 3-17. Livestock products consumption trends in Japan, 
1955-1977^ (kilograms per capita per year) 
Item 1955 1960 1965 1970 1973 1975 1977b 
Meat° 3.3 5.0 8.8 12.7 16.2 16.8 20.3 
Beef and veal 1.1 1.1 1.4 2.0 2.3 2.5 3.0 
Pork 0.8 1.1 2.7 4.7 6.4 6.5 8.3 
Poultry 0.3 0.8 1.9 3.7 5.1 5.2 6.5 
Dairy products^ 12.1 22.3 37.4 50.1 52.9 52.3 57.0 
Eggs 3.4 6.3 11.6 14.8 14.5 14.0 14.4 
Fish 26 28 29 32 34 35 34 
^Sanderson (54). 
^Ministry of Agriculture, Forestry, and Fisheries (43) . 
Included whole meat. 
"^Milk equivalent. 
consumption rose from 0.3 kilogram in 1955 to 6.5 kilograms in 
1977. This rise is an indication of the shift away from high 
priced fish to poultry meat. Data in 1977 indicate that per 
capita fish consumption dropped 1 kilogram compared with 
1975. Poultry meat is also cheaper than pork and beef. The 
retail price of beef in Tokyo is three times higher than retail 
poultry meat price. And. the retail pork price is fifty per­
cent higher than chicken meat price as shown in Table 3-18. 
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Table 3-18. Retail prices of livestock products in Ku area 
of Tokyo, 1962-1978^ 
Year 
Beef 
medium 
grade 
yen/kg. 
Pork 
medium 
grade 
yen/kg. 
Chicken 
meat 
yen/kg. 
Cow 
milk 
yen/180 c.c. 
Hen 
eggs 
yen/kg. 
1962 702 569 607 17.4 229 
1963 748 724 635 18.0 242 
1964 804 753 638 19.2 227 
1965 854 745 636 20.0 219 
1966 1,050 694 641 20.0 240 
1967 1,240 714 644 20.7 228 
1968 1,420 849 659 21.4 241 
1969 1,350 960 662 24.0 226 
1970 1,370 909 679 25.0 227 
1971 1,470 930 712 27.0 229 
1972 1,510 990 720 30.0 238 
1973 1,980 1,120 800 33.0 263 
1974 2,450 1,240 960 44.0 341 
1975 2,710 1,550 990 48.0 367 
1976 3,160 1,680 1,110 52.0 339 
1977 3,150 1,590 1,130 53.0 365 
1978 3,090 1,570 1,030 54.0 312 
^Prime Minister's Office, Statistical Bureau (.52). 
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As Japan's economy strengthens and-domestic demand grows, 
chicken imports are expected to rise. Poultry meat imports 
increased from 42 metric tons in 1961 to 59 thousand metric 
tons in 1978 as shown in Table 3-19. 
Egg production increased 3.4 times from 1960 to 1978. 
The total layer flock increased from 54 million laying hens 
and layer chicks in 1960 to 161 million in 1977. The in­
crease in production is mainly because of the improved 
efficiency of large scale producers (73). 
Egg production increased 3.4 times from 1960 to 1978. The 
total layer flock increased from 54 million laying hens and 
layer chicks in 1960 to 161 million in 1977. The increase in 
production is mainly because of the improved efficiency of 
large scale producers (73). 
The per capita egg consumption increased from 3.4 kilo­
grams in 1955 to 14.4 kilograms in 1977. The highest level 
of per capita consumption of eggs was already attained in 
1970. The growth of domestic demand is mainly due to the 
growth of population. Japan is nearly 100 percent self-
sufficient in egg production. Only a small amount of eggs 
are imported for domestic uses. Japan imports egg products, 
such as liquid albumen, for processed food. This product is 
used as a joiner or partial substitute for fish paste in the 
manufacture of kamaboko, a traditional Japanese food, and to 
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Table 3-19. Net import of livestock products by Japan; 1960-
1978^ (unit metric tons) 
Year Beef Pork Poultry 
meat 
Milk and 
milk 
products 
Eggs 
1960 5,671 5,897 -49b 43,540 -6,850^ 
1961 5,312 988 42 32,060 -7,333 
1962 4,751 -40 273 47,700 -5,511 
1963 4,664 6,501 3,460 69,710 -1,546 
1964 6,179 3,998 5,934 78,640 -545 
1965 10,763 69 6,132 67,740 -218 
1966 13,390 15 7,905 75,650 424 
1967 13,777 -72 8,149 110,180 -7 
1968 13,487 10,413 16,123 77,-340 341 
1969 18,599 42,567 19,976 68,433 —64 
1970 23,212 17,137 9,884 62,861 -25 
1971 41,487 27,191 26,624 49,248 -9 
1972 57,557 67,808 28,618 55,105 197 
1973 127,205 125,792 24,680 71,955 450 
1974 53,595 42,005 23,271 102,498 184 
1975 44,916 124,547 18,265 55,520 249 
1976 92,228 148,905 35,311 108,496 224 
1977 84,376 109,954 44,794 125,135 382 
1978 99,877 103,325 58,933 149,442 310 
^Pood and Agricultural Organization of the United Nations 
(13). 
Negative number means exports are greater than imports. 
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a lesser degree in the manufacture of noodles (73). 
The price of eggs was stabilized under the Livestock 
Products Price Stabilization Act of 1961. This Act enabled 
the Livestock Industry Development Corporation to subsidize 
storage expenses borne by producers' organizations as a 
method of adjusting the supply of eggs. These provisions 
were not put into effect as egg prices remained fairly 
stable apart from moderate seasonal fluctuations. However, 
in July 1964, an abnormal drop in the market price occurred 
mainly because of the introduction of more productive laying 
hens, and larger scale production methods. Demand was also 
slackening because a high level of per capita consumption 
had already been attained. To cope with this situation, 
the government applied the provisions of the Act and promoted 
the consumption and processing of eggs (49). In addition, 
the government tried to adjust supply to demand by limiting 
the growth of large-scale producers. Large-scale producers 
must limit the number of their layers and receive permission 
to expand their facilities (73). 
Dairy products Dairy cows on farms totalled 1.9 
million head in 1977 compared with 824 thousand head in 1960, 
an increase of 1 million head during this period. • The 
number of dairy farms declined, but the average herd size per 
farm increased. Milk production in Japan has increased 
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greatly in response to the introduction of exotic breeds 
of cows and the development of high-elevation pasture. 
From 1.8 million metric tons in 1960, milk production 
grew to 5.8 million metric tons in 1977 as shown in Table 
3-16. 
The per capita consumption of dairy products in­
creased more than four-fold between 1955 and 1977, from 12 
to 57 kilograms (raw milk equivalent). Japan is about 87 
percent self-sufficient in milk and dairy products. In 
1978/ the quantity of milk and milk products import was 149 
thousand metric tons. 
The government is involved in dairy production and 
marketing. Production has been stimulated by deficiency 
payments, which are equal to the difference between the 
guaranteed producer price and the wholesale price, and 
by subsidies to farmers for pasture development in the 
highlands (2). Dairy support prices are buttressed by 
government purchases and import restrictions. 
During the recession in the dairy industry in 1957-
58, domestic supply of milk failed to keep up with in­
creased demand, as a result milk had to be imported. During 
1962, the market for dairy products was again adversely 
affected by an increase in milk production without a 
corresponding rise in liquid consumption due to a cool 
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summer. The government had to purchase dairy products in 
order to restore the price (49). 
Pork The hog industry in Japan has developed greatly 
since 1960. The hog population increased from 2 million 
head in 1960 to 8 million head in 1977 as shown in Table 
3-15. The number of farms engaged in pork production, 
though, decreased from 799 thousand households in 1960 to 
179 thousand in 1977, while the average number of hogs 
per farm increased. The number of farms with 100 or more 
head increased steadily during this period. 
Prior to 1960, hog production in Japan was limited to 
small-scale operations of one or two head per farm. Stock was 
raised in enclosed areas or in small buildings and fed table 
scraps. However, in the early 1960s, the Japanese hog 
industry began to change rapidly toward larger, commercial-
type operations (47). Total pork production increased from 
147 thousand metric tons in 1960 to 1.2 million metric tons 
in 1977, an eight-fold increase over 18 years as shown in 
Table 3-16. The rapid increase of hog production has been 
due to the inducement of rising real prices for pork (2). 
Other development occurred as well, including the intro­
duction of new breeds, improvements in management, and 
adoption of more efficient feeding practices (47). 
Even with competition from other meats and protein 
sources, per capita pork consumption in Japan has increased 
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significantly from 0.8 kilogram in 1955 to 8.3 kilogram in 
1977 as shown in Table 3-17. Over this period, real pork 
price increased but not sufficiently to offset the affect 
of rising income and changing tastes toward pork consump­
tion (2). 
The government intervenes in both production and 
marketing. In order to maintain hog production profitability, 
while at the same time trying to minimize increases in retail 
prices, the government uses support (floor) and ceiling prices 
in conjunction with variable import policies. The floor 
price is used to determine when the government should purchase 
and store pork in order to stabilize price. The ceiling 
price is used to determine when the government should re­
lease stock, and when it should reduce the import duty to 
permit imports (49). 
Stabilizing the price of piglets is another measure 
used to secure a regular supply of pork. The government 
provides funds through the corporation. When the market 
price of piglets falls below the lower limit of its price 
range, the difference is paid to producers of piglets and 
when the price exceeds the upper limit, payments go to the 
piglet buyers (49). 
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Beef Japan's beef production originated from draft 
animal husbandry, which provided the primary source of feeder 
animals through about 1950. The development of the beef 
industry was based on the production of Japanese native 
cattle (black and brown Wagyu). Table 3-15 shows that beef 
cattle numbers declined from 2.3 million head in 1960 to about 
1.7 million head in 1968. The decrease in the number of 
beef cattle during this period was due mainly to draft ani­
mals being replaced by farm machinery. By 1969, extensive 
feeding of dairy steers had begun and the total beef cattle 
and cattle raised for beef increased to 1.8 million head. 
In 1977, total beef cattle numbers increased to 2 million 
head. 
Before 1960, beef cattle were raised and fattened in 
nonspecialized farm operations. The first major change 
came when integrated marketing channels were developed in 
the late 1960s. These were based on various types of con­
tract feeding arrangements, that in turn, led to the de­
velopment of specialized feeder cattle production and 
fattening operations (58). Since then, beef production in­
creased from 142 thousand metric tons in 1960 to 364 thou­
sand metric tons in 1977 as shown in Table 3-16. About two-
thirds of the beef output currently comes from dairy herds 
( 2 ) .  
Table 3-17 indicates that per capita consumption of beef 
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did not increase as much over the 1955-77 period as it did 
for pork and chicken. Annual per capita beef consumption 
increased from 1.1 kilogram in 1955 to only 3 kilograms in 
1977. The slow growth of per capita consumption was mainly 
due to the high retail beef price. 
In 1977, total domestic consumption for beef was 
448 thousand metric tons, while domestic production was 364 
thousand metric tons and beef imports were 84 thousand metric 
tons. The largest source of beef imports for Japan is 
Australia. In 1977, Australia supplied 85 percent of 
Japan's total beef imports, while the U.S. share was only 
8.6 percent. 
The government is involved in beef production and 
marketing. In 1975, the beef stabilization program was 
initiated to control domestic wholesale beef carcass prices 
within ah established range. The program has maintained 
prices near the maximum price, but not at great expense 
to the Japanese consumer. 
The system has separate floor and ceiling prices for 
Wagyu (Japanese native cattle) and dairy steer beef. When 
the ceiling price is reached, beef theoretically should be 
imported in sufficient volume to cause the price to decline 
to the ceiling price. But this has not been the case. The 
system has served more to slow the rise above the maximum 
price than to hold it at the maximum price. 
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Quotas have been announced for Japanese importing com­
panies on a stop-go basis. For example, if the prices rise 
above the specified ceiling, companies may import 10,000 
to 20,000 metric tons of beef at a time during a specific 
shipping period. Virtually all beef must be imported by 
designated trading companies that must turn over all 
purchases to the Livestock Industry Promotion Corporation 
(LIPC) for auction or sale to designated users. LIPC 
notifies trading companies by tender, specifying cuts, 
grade, origin, delivery date, quantity, and price of the 
beef to be imported (72). 
Government Policies Affecting Food 
Demand and Supply 
Price and market policy 
Japanese agricultural price and marketing policies are 
based on various systems due to the variety of products 
concerned. Rice marketing is directly controlled by the 
government. For wheat, barley, naked barley (brewery barley) 
and starches from potatoes and sweet potatoes, the government 
intervenes in the free market to guarantee minimum prices for 
the producers. The authorized organizations (semi-
governmental) intervene in the market of pork to stabilize 
the prices within certain ranges. A deficiency payments 
system is applied for manufacturing milk, soybeans, and 
rape-seed (.50) . 
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Foreign trade policy 
The agricultural trade policy of Japan is mainly 
concerned with imports since Japan is one of the largest net 
importers of agricultural products. The main instruments 
for controlling imports are quotas and import duties. 
Imports of rice, wheat, and barley are regulated by the 
government under the Food Control Act. The Manufacturing 
Milk Producers Deficiency Payments Act restricts the importa­
tion of certain dairy products to the Livestock Industry 
Promotion Corporation. Twice a year, the Government deter­
mines an import program, for the products under quantitative 
restrictions, by taking account of the demand and supply 
position and the domestic price levels of the products 
concerned. They then issue import licenses. 
With regard to the tariff system, the level of import 
duties differs from product to product. Another aspect of 
the tariff system is the various types of measures. Taken 
to assure elastic adjustment in response.to the domestic 
market. Import duties for pork may be reduced when domestic 
pork prices are high. Tariff quota systems are applied for 
natural cheese, oats, and corn that is used for processed 
products. Seasonal duties are applied to bananas, oranges, 
and grapefruit (.50) . 
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Diversification of sources of supply policy 
The main objective of having diversified sources of 
supply is to avoid undue reliance on any particular country 
as a source of agricultural products. Japan's strategy 
for diversification of food import sources and gaining access 
to new food supplies is implemented through foreign invest­
ment of capital and through technical aid abroad (9). Foreign 
investment also has been encouraged in developing countries 
where Japan has strong trade balances and in the countries 
that have the capacity to produce raw materials that Japan 
needs. 
Japanese aid started in Asia, due to the close historic 
ties Japan has had with Asian countries and the importance 
of nearby countries to Japan's export market. Another reason 
the aid started in Asia is that Japan has a large trade sur­
plus with Asian countries and the Develop-And-Import pro­
grams aims at improving the developing countries' balance 
of trade with Japan (9). 
Japan has funded aid projects for agricultural develop­
ment in Asia for improvement in local food supplies and feed 
grain production for export. For example, when this program 
started, Thailand was producing about 150,000 metric tons of 
corn annually; barely enough for domestic consumption. By 
1978, production reached 3.1 million metric tons, and about 
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2.1 million metric tons were available for export. Under a 
contractual agreement negotiated each year, Japan takes 
about 600 thousand metric tons of Thai corn annually. The 
Japan-Thailand Agreement on Corn Trade is shown in the 
Appendix. 
Another notable area for Japanese investment for raw 
materials is in Latin American countries. For example, 
through a successful investment program in Brazilian 
soybean production, Japan's imports of soybeans from this 
country increased from 30 thousand metric tons in the early 
1960s to nearly 200 thousand metric tons in 1973. Some 
top Japanese industry officials believe Brazil has excellent 
potential to increase output, and they plan to continue to 
invest in this development (9). 
Private Japanese investment in developed areas; mainly 
Oceania, continues to increase. The major goal of private 
investment is to gain greater control of production, either 
by direct ownership, joint ventures, or by providing equity 
capital so that most of the increased output is shipped to 
Japan. This type of investment also gives greater control 
over such factors as quality, storage, and delivery. 
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Bilateral agreements 
The main objective of Japanese traders is to obtain 
steady supplies without the wide fluctuation of volumes im­
ported and prices. Japan accomplishes this goal by making bi­
lateral trade contracts. The Japanese are looking for 
government-to-government guaranteed contracts that would not 
be voided by the imposition of export controls. Long-term 
supply contracts have been used successfully by the Japanese 
Government in the past, notably with Canada and Australia 
for the purchase of wheat. In 1975, Japanese signed a 
trade contract with U.S. to import at least 14 million 
tons of U.S. grains and soybeans (3 millions tons of wheat, 
3 million tons of soybeans, and 8 million tons of feed grains) 
each year for the three fiscal years 1975-76, 1976-77, and 
1977-78 (54). 
Some Japanese firms have used long-term supply con­
tracts successfully on their own for some time. For example, 
Japanese importers have signed long-term supply contracts 
with the Canadian Hog Producers Board for delivery of 
specified quantities of pork over a 3 year period. Other 
firms have utilized long-term supply contracts for cotton 
purchases. Many firms are looking for long-term supply 
contracts as a means of stabilizing foreign supplies, especial­
ly where such arrangements would be mutually beneficial (9). 
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CHAPTER IV. JAPANESE MODEL OF FEED GRAINS IMPORT 
The Japanese Import Demand Functions 
If there is perfect competition in the world markets. 
The dollar prices of the same commodity in different markets 
will depend on their locations. A price difference between 
two countries will be no greater than the cost of trans­
porting the commodity between the two countries. Suppose 
the price of corn at the U.S. port of export is P dollars 
per metric ton and the shipment cost from the U.S. port to 
Japan is t dollars per metric ton. The price of corn at the 
Japanese port will be P+t dollars per metric ton. Other 
corn exporting countries can ship corn to Japan at the price 
P+t dollars per metric ton. In the case where Japan is the 
only corn import market, the price of corn at Bangkok will 
be greater than the U.S. corn price at the gulf port be­
cause the shipping cost from Bangkok to Japan is less than 
from the U.S. gulf port to Japan. The price difference be­
tween these two ports should be equal to the difference in 
shipping costs from these two ports to Japan. 
An exchange rate is one factor concerned in inter­
national trade. If a Japanese importer wishes to buy U.S. 
corn, he is concerned with the yen price of corn while an 
American exporter is concerned with the dollar price of the 
corn he exports. If there is an international transaction for 
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corn between the U.S. and Japan and assuming the importer 
must exchange his country's currency for the currency of the 
exporter, then the Japanese corn importer must purchase U.S. 
dollars and use these dollars for purchasing U.S. corn. 
Therefore, we can see that the exchange rate between the 
yen and the dollar is a part of the price of corn that is 
traded. 
The import price of corn in Japan can be expressed in 
terms of yen currency, IP, and will equal to the dollar price 
P+t 
of imported corn divided by an exchange rate, ER, IP = =5—' 
The effects of:revaluation upon the importer. Suppose 
there is a revaluation in the yen. The import price of 
corn will fall which results in an increase in Japanese corn 
imports and a decrease in domestic corn production in Japan. 
In this case,we consider only import side and assume there 
is no trade barrier. 
In this study, world corn price, P, is assumed to be 
predetermined variable in the model I. This is the small 
country assumption of international trade. Japan as a 
single small country can import any amount of corn it 
wants at the price of P. In model II,we develop an equation 
for world corn demand. In the second model, world corn prices 
are treated as endogenous variable and are determined by world 
corn imports. World corn imports are comprised of; Japanese 
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corn imports, EEC corn imports, and the rest of the world 
corn imports. 
Under the assumptions of perfect competition in the 
domestic and international feed grains markets, the import 
demand for feed grains is an excess demand. In the case 
of Japan, which is nearly 100 percent dependent on foreign 
feed grains supply, the derived import demands for feed 
grains are the same as the domestic demands for feed grains. 
Domestic demands for feed grains and soybeans can be 
classified into two major categories: for producing mixed-
feed, and for processing into food products. 
Demand for feed grains and soybeans by mixed-feed manufacturers 
Manufacturers demand feed grains and soybean as an in­
put for producing commercial mixed-feed. The input demand 
equation can be derived under the assumption of profit 
maximization. In general, the demand for an input depends 
on the price of the input, the price of other inputs, and the 
price of the output. Let the mixed-feed production function 
be : 
QSMF = f(QFCN, QPSG, QFSM, QFRC) (1) 
where 
QSMF = quantity of mixed-feed production 
QFCN = quantity of corn use in mixed-feed 
QFSG = quantity of sorghum use in mixed-feed 
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QFSM = quantity of soybean meal use in mixed-feed 
QFRC = quantity of rice use in mixed-feed 
The effect of input is expected to have a direct impact 
on output. An increase in any feed ingredient will in­
crease mixed-feed production. 
The input demand functions can be derived from the 
first order conditions of the feed manufacturer's profit 
function. These derived input demands or import demands in 
the case of Japan can be specified as a function of 
inputs and output prices. And, if the form of the demand 
functions are linear, they can be expressed as: 
IFCN^ = aj + a^APMF^ 4. aj ^ + a^ (Î||S) ^ 
+ + asQPRCt (2) 
IFSGt = b„ + bjAPMF^ + 
+ + bsQFRCg (31 
IFSM^ . Co + O^APMF^ + + Cs'W't 
IFSB^ = a„ + dj^APMF^ + dj (i|^) ^ + dj (i||S) t 
+ d4(^S#r 't + dgOFRCt (5) 
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where 
IFCN^ = quantity of corn import for feed in year t 
IFSG^ = quantity of sorghum import for feed in year t 
IFSM. = quantity of soybean meal import for feed in 
year t 
IFSB. = quantity of soybean import for crushing meal 
in year t 
APMF^ = domestic mixed-feed price in yen in year t 
IPCN^ = imported corn price in dollars in year t 
IPSG^ = imported sorghum price in dollars in year t 
IPSB^ = imported soybean price in dollars in year t 
ER^ = exchange rate between yen and dollars in year t 
QFRC^ = quantity of rice used in mixed-feed in year t 
Instead of using rice price as a variable in the input 
demand function we use rice quantity. The reason is that 
the quantity of rice used in mixed-feed is determined by 
Japanese governmental policy. In this ètudy, we use the 
import price of soybeans as a proxy variable for the import 
price of soybean meal because nearly 90 percent of the soy­
bean meal used in feed rations is supplied by domestic soy­
bean meal which depends on soybean import. 
We would expect an increase in mixed-feed price to 
induce feed manufacturers to import more feed ingredients. 
The sign of the coefficients a^, b^, c^^ and d^^ are expected 
to be positive. The own-price effect of its quantity de­
manded is expected to be negative. The coefficients ag; b^/ 
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c^, and d^ are expected to be negative. We would expect 
substitution between corn and sorghum in feed rations. So 
the coefficient a^ in Equation 2 and bg in Equation 3 should 
be positive. The increase in corn price will reduce the 
quantity of corn imported and increase in the quantity of 
sorghum imported. 
The sign of the coefficient of soybean a^ and b^ in 
corn and sorghum import equations are ambiguous. Soybean 
meal is a source of protein in feed rations. If the price of 
corn increased while other feed ingredients' prices are 
constant, the quantity of corn imported for feed should de­
crease and the quantity of soybean meal imported should also 
decrease. Thus, we ignore the substitution effect between 
corn and sorghum. But, if the quantity of corn imported 
decreases due to an increase in its price, this price will 
result in an increase in the quantity of sorghum imported to 
substitute for corn. In this case,the quantity of soybean 
meal used in feed will increase or decrease depending on the 
increase or decrease in total mixed-feed production. 
The coefficients of the price of corn Cg and d^ in 
the soybean meal import and the soybean import equations, are 
expected to be negative. The increase in soybean meal 
price will reduce the quantity of soybean meal imported 
which will result in a decrease of corn imported. Both corn 
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and soybean meal are treated as complementary ingredients in 
feed ration. The same result would be expected for the 
coefficients of sorghum price Cg and d^ in Equations 4 and 5. 
The substitution of rice for corn and sorghum in mixed-
feed will result in a reduction in the amounts of both corn 
and sorghum imports. So the sign of the coefficients a^ 
and bg in the corn and sorghum import equations should be 
negative. But the sign of coefficients Cg and d^ in the 
soybean meal import and soybean import equations are ambiguous 
since rice is not the main source of protein. 
Demand for corn and soybeans for processed food products 
The import demand for corn and soybeans to produce 
food products can be derived from the assumption of profit 
maximization in processed food manufacturing and maximiza­
tion of consumer utility. Corn and soybean demand for 
processed food can be specified as a function of their own 
prices and national income. If the functional forms are 
linear, they can be written as : 
™CNt = eg + (6) 
IHSB^ = £„ + *1 (1^11 
where 
INCN. = quantity of corn imported for processed food 
products in year t 
87 
INSB. = quantity of soybeans imported for processed 
food products in year t 
IPCN^ = imported corn price in dollars in year t 
IPSB^ = imported soybean price in dollars in year t 
JNI^ = Japanese national income in year t 
We would expect the imports of corn and soybeans for 
processed food products to respond to their import prices. 
High corn and soybean import prices will reduce corn and 
soybean imports. The sign of the coefficients e^ and f^ 
in Equations 6 and 7 are expected to be negative. The use 
of corn and soybeans as an input for producing processed 
food products would be expected to be responsive to changes 
in business conditions. National income is used as a proxy 
for the level of business conditions. If the proxy is 
fairly accurate, we would expect the use of corn and 
soybeans for processed products to increase when the 
national income rises. 
On the food products demand side, the national income 
variable includes the effect of an increase in individual 
income and population. The result of an increase in per 
capita income would be expected to increase the demand for 
processed products such as cornstarch, corn syrup, corn 
sugar, com oil, soybean oil, soy sauce, and margarine. 
The combined effects of the growth in business condi­
tions, per capita income, and population are expected to 
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increase in corn and soybean imports for processed food 
products. The coefficients eg and f^ in Equations 6 and 7 
should be positive. 
There are 15 equations for the livestock supply industry; 
five equations for the production of livestock products 
(beef, milk and milk products, pork, chicken meat, and eggs), 
five mixed-feed demands for feeding livestock, and five 
equations for livestock inventories. 
Livestock production functions 
The production function is a concept in physical and 
biological science. It is the technical relationship telling 
the maximum amount of output that can be produced by each 
combination of specified factors of production. The live­
stock production function specifies the quantity of live­
stock products produced as a function of the quantity of 
mixed-feed fed to livestock, and the livestock inventories. 
If the form of these functions is the Cobb-Douglas function 
they can be stated as: 
The Livestock Supply 
Industry 
QSBF^ = dg^TDBCt^^ * IVBC 
d 21 
t ( 8 )  
QSMK^ = dg2 *FDDC^12 * IVDC 
d 22 
t (9) 
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QSPK^ = dQ2*FDHGt * IVHG^ (10) 
QSCM^ = * IVBL^^^ (11) 
^1 c c QSEG^ = dQg*FDLYt^3 * IVLY^ (12) 
where : 
QSBF^ = quantity of domestic beef supply in year t 
QSMK. = quantity of domestic milk and milk 
products supply in year t 
QSPK. = quantity of domestic pork supply in 
year t 
QSCM. = quantity of domestic chicken meat supply 
in year t 
QSEG^ = quantity of domestic eggs supply in year t 
FDBC. = quantity of mixed-feed use for beef cattle 
in year t 
FDDC. = quantity of mixed-feed use for dairy cattle 
in year t 
FDHG^ = quantity of mixed-feed use for hogs in year t 
FDBL^ = quantity of mixed-feed use for broilers in year t 
FDLY^ = quantity of mixed-feed use for layers in year t 
IVBC^ = beef cattle inventory at beginning of year t 
IVDC^ = dairy cattle inventory at beginning of year t 
IVHG^ = hog inventory at beginning of year t 
IVBL^ = broilers inventory at -beginning of year t 
IVLY^ = layers inventory at beginning of year t 
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We would expect the response of livestock products 
supply to be positive with respect to an increase in mixed-
beef fed and to an increase in the livestock inventory. 
As the quantity of mixed-feed fed to livestock increases, 
the quantity of livestock products produced should increase. 
And, as the domestic livestock inventories increase, live­
stock production should also increase. The signs of the 
coefficients; d^^, dg^, d^g, dgg, dgg, d^^, dg^, d^g 
and dgg are all expected to be positive. 
Mixed-feed demand equations 
The demand for mixed-feed fed to livestock is derived 
from the assumption of profit maximization of livestock 
producers. The quantity of mixed-feed demanded for live­
stock can be specified as a function of mixed-feed price, 
livestock products prices, and beginning livestock inventory. 
If the form of mixed-feed demand functions is linear, they 
can be expressed as ; 
FDBC^ = eg^ + e^^APMF^ + e^^RPBF^ + e^^IVBC^ (13) 
FDDC^ = eQ2 + e^^APMP^ + + egglVDC^ (14) 
FDHG^ = eQ3 + e^^^PMF^ + e^^RPPK^ + e^glVHG^ (15) 
FDBLt = eQ4 + e^^APMF^ + e^^RPCM^ + e^^IVEL^ (16) 
FDLY^ = e^g + e^gAPMF^ + e^gRPEG^ + e^glVLY^ (17) 
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where : 
RPBP^ = retail beef price in year t 
RPMK^ = retail milk price in year t 
RPPK^ = retail pork price in year t 
RPCM^ = retail chicken meat price in year t 
RPEG^ = retail egg price in year t 
We use a retail livestock product price as a proxy 
variable for producer price by assuming that the marketing 
margin is constant. 
As livestock-products prices increase we would expect 
the demand for mixed-feed to increase. The expected signs 
of the coefficients: ©21' ®22' ®23' ®24 ®25 
positive. As the cost of production increases, the demand 
for mixed-feed should decrease. So the coefficients of 
mixed-feed price in mixed-feed demand equations are ex­
pected to be negative. The larger the inventory of live­
stock, the more mixed-feed is needed to feed the livestock. 
The coefficients e^^f ®32' ®33' ®34 ^35 should be positive. 
Livestock inventory equations 
The livestock inventory equation is derived from ex­
pected profit-maximization by producers. Also, time lapse 
between inventory accumulation and a change in production 
of livestock products will affect demand. This time lag 
differs for different types of livestock. Poultry inventory 
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changes can affect production of broilers and eggs in less 
than three months, but cattle inventory changes may not 
affect production of beef or milk for over nine months. 
When an animal is mature enough to produce livestock 
products, the current cost of production and current price 
of the livestock products obtained from that animal in­
fluence the decision on whether the animal should be kept 
in inventory or not. But until the animal is mature enough 
to produce livestock products, the inventory decision must 
be based on expected profits (53). 
Both expected and current profits are important factors 
to the" farmer's decision concerning the size of the live­
stock inventory. With the consideration, if the form of the 
livestock inventory equation is linear it can be expressed as: 
IVL^ = aiT^ + 3TT* (18) 
where 
IVL^ = livestock inventory in year t 
TT^ = current profit in year t 
= expected profit in year t 
The signs of a and 3 are expected to be positive. The 
increase in current and expected profit should induce farmers 
to increase their livestock inventory. 
The variables involved in the profit function are inputs 
and output prices. The profit functions can be specified as; 
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ir^ = g(RPL^, APMP^, WRAG^) (19) 
TT* = g*(RPL*, APMF*, WRAG*) (20) 
where : 
RPL^ = price of livestock product in period t 
RPL* = expected price of livestock product in period t 
APMF* = expected price of mixed-feed in period t 
WRAG^ = actual wage rate in agriculture in period t 
WRAG* = expected wage rate in agriculture in period t 
Since the variables in the expected profit function are 
^inobservable, we have to have some hypothesis as to how they 
are related to the observable variables. We assume farmers 
make their decisions on expected profit based on the adaptive 
expectaions model. This means that farmers revise their 
expectations based on the most recent error (36). 
We can state the expected profit in period t in the 
form: 
^t " "t-1 " A(nt_i-n*_i) (21) 
where ; 
n*_2 = lagged expected profit 
= lagged actually observed profit 
X value is between 0 and 1 
We can rewrite Equation 21 as: 
,22) 
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If actual profit is greater than expected profit in 
period t-1, farmers will revise their expectations up­
ward. And, if the actual profit is less than expected 
profit in period t-1, farmers will revise their expectation 
downward. In either case, the farmers revision is assumed 
to be only a fraction of the most current error (0<X<1). 
Rewrite Equation 22 as: 
IT* - (l-X)Tr*_^ = X^t-l (23) 
Lagging Equation 18 in period t-1 and multiplying by 
(1-X) we obtain; 
(l-X)IVLt_i = a(l-X)nt_i + G(l-X)w*_i (24) 
Solving the livestock inventory IVL^ from Equation 18 and 
24 and substituting the observed profit for expected 
profit from Equation 23 we will obtain; 
IVL^ = h(RPL^, PAMF^, WRAG^, IVL^-i) (25) 
From Equation 25,the size of livestock inventory is 
specified as a function of livestock price, mixed-feed 
price, wage rate, and lagged livestock inventory. 
If the form of livestock inventory equations are linear, 
they can be stated as ; 
IVBC^ = g^^ + g^^APMF^ + g^^RPEF^ + g^^WRAG^ 
+ 94lIVBCt_i (26) 
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IVDC^ = gQ2 + •*" 
+ g42lVDC^_l (27) 
IVHG^ = gqg + g^^APMF^ + g^^RPPK^ + g^^WRAG^ 
+ 943lVHGt_i ( 2 8 )  
IVBL^ = go4 + g^^APMF^ + g^^RPCM^ + g^^WRAG^ 
+ 944lVBLt_i 
IVLYt = gqg + g^^gAPMF^ + g^^RPEG^ + gggWRAG^ 
(29) 
+ g45lVLY^_i (30) 
As the costs (mixed-feed and wage rate) of holding a 
given livestock inventory increases, the size of the live­
stock inventory should decrease. As the price of livestock 
products increase, the size of livestock inventory should 
increase. The current inputs and output prices are involved 
in farmers current profit. The lagged inventory variable 
will represent expected profit. So the coefficients of 
lagged inventory are expected to be positive. This 
means that if farmers expect future profits to increase 
they will build up their livestock inventory. 
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The Demands for Livestock Products 
The demand for livestock products is derived from 
utility maximization by consumers. In general, the quantity 
of livestock products demanded depends on income and price. 
The demand for a particular livestock product is also sig­
nificantly affected by the price of close substitutes. For 
example, demand for pork will depend on the price of beef, 
poultry, and fish. The demand for each kind of meat if it 
is linear, can be stated as: 
QDBF^ = hQj_ + h^j^RPBF^ + h^^RPPK^ + hg^RPCM^ + h^^RPFH^ 
+ hg^JNI^ (31) 
QDPK^ = hQ2 + h^2^BF^ + h^gRPPK^ h^^RPCM^ + h^^RPPH^ 
+ (32 )  
QDCM^ = hQ3 + h^^RPBF^ + h^^RPPK^ + h^^RPCM^ + h^^RPFH^ 
+ hg^JNI^  (33 )  
where : 
QDBF^ = quantity of beef demand in year t 
QDPK^ = quantity of pork demand in year t 
QDCM^ = quantity of chicken meat demand in year t 
RPBF^ = retail beef price in year t 
RPPK^ = retail pork price in year t 
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RPCM^ = retail chicken meat price in year t 
RPFH^ = retail price fish in year t 
JNI^ = Japanese national income in year t 
For milk and milk products demand, there is no principal 
substitute product. The same reason is applied for consumer 
egg demand. The quantity of milk and eggs demanded can be 
specified as a function of their own price and national 
income. These equations can be written as; 
QDMK^ = hQ4 + h^^RPMK^ + 1^34 JNI^ (34) 
QDEG^ = hjjg + h^gRPEG^ + h^gJNI^ (35) 
where ; 
QDMK. = quantity of milk and milk product demand in 
year t 
QDEG^ = quantity of eggs demand in year t 
RPMK^ = retail milk price in year t 
RPEG^ = retail eggs price in year t 
Economic theory indicates that as the price of live­
stock products increase, the demand for livestock products 
should decrease. As a substitute product's price increases, 
the demand for the livestock products concerned should in­
crease. 
The national income variable includes both effect of 
an increase in per capita income and population. As per 
capita income rise, more livestock products should be 
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consumed by people. And as the population increases the 
demand for livestock products should increase. This combined 
effect would cause the demand for livestock products to 
rise. 
Retail fish price 
The retail fish price equation is derived from the 
relationship among retail, wholesale, and ex-vessel fish 
prices (10). This relationship can be specified as: 
RPFH^ = kg + kj^WPFH^ + kgEPFH^ (36) 
where ; 
RPFH^ = retail fish price in year t 
WPFH^ = wholesale fish price in year t 
EPFH^ = ex-vessel fish price in year t 
The expected sign of coefficients k^ and kg are posi­
tive; the increase in wholesale and ex-vessel fish prices 
should affect the increase in retail fish price. 
We also assume that the current supply of fish is pre­
determined and thus the demand function can be estimated 
with price as the dependent variable. The wholesale and 
retail demand prices of fish are stated as a function of 
national income, domestic landing, as well as supplies 
available from other sources, that is, stocks held.in cold 
storage at the beginning of the year, and imports. If the 
form of wholesale and ex-vessel demand prices are linear. 
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they can be written as: 
WPFH^ = Mg + m^SKFH^_j^ + mgLDFH^ + + m^JNI^ (37) 
EPFH^ = ng + n^SKFH^,! + ngLDFH^ + n^IMFH^ + n^JNI^ (38) 
where ; 
SKFH^_2 = quantity of fish held in cold storage at 
the beginning of the year 
IMFH.J. = quantity of fish import in year t 
JNI^ = national income in year t. 
The higher fish supplies are, the lower both whole­
sale and ex-vessel prices are expected to be. The coeffi­
cients of quantity of fish held in cold storage at the be­
ginning of the year, fish landings, and fish imports; are 
expected to be negative in both wholesale and ex-vessel price 
equations. The higher the income, the more consumption demand 
will be for fish. This will indirectly cause the wholesale 
and ex-vessel prices to increase. 
To obtain the retail fish price equation, we substitute 
Equations 37 and 38 into Equation 36. The derived retail 
fish price can be specified as a function of the same vari­
ables that determined wholesale and ex-vessel prices. The 
retail fish price can be stated as: 
RPFH^ = Pq + PiSKFHt_i + PgLDFH^ + p^IMFH^ + p^JNI^ (39) 
The expected increase in fish supplies: SKFH^_^, 
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LDFH^, and IMFH^ would cause the retail price to decrease. 
The increase in national income will tend to increase the 
retail prices. 
Sources of Corn Imports 
Traditional sources of imported corn for Japan are 
the U.S., Thailand, and South Africa. Minor sources of corn 
for Japan are Argentina, Brazil, and Mexico. The U.S. is 
the main corn supplier to Japan. In this study, we will 
classify Japanese corn imports into 3 sources; the U.S., 
Thailand, and the rest of the world. The equation for Japa­
nese imports of U.S. corn is specified under the government 
policy to diversify corn import sources. By diversifying 
sources, Japan can reduce its reliance on the U.S. as a 
source of supply. Taking into account this consideration, 
the quantity of U.S. corn imported by Japan depends on: 
total Japanese corn imports, the supply of U.S. corn avail­
able for export, the quantity of corn Japan imports from 
other sources, the supply of corn available to export in 
other corn exporting countries, and the quantity of rice 
stock held by the Japanese government. If the functional 
form of the equation for Japanese imports of U.S. corn is 
linear, it can be stated as: 
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JUCN^ = Vg + v^TJCN^ + VgUSCN^ + v^TCN ^  + v^JOCN^ 
+ VgTHCN^ + VgOTCN^ + v^QKRCt (40) 
where : 
TJCN^ = total Japanese corn import in year t 
JUCN^ = Japanese import U.S. corn in year t 
JTCN^ = Japanese import Thai corn in year t 
JOCN. = Japanese import corn from other countries in 
year t 
USCN^ = U.S. com available to export in year t 
THCN^ = Thai corn available to export in year t 
OTCN. = other countries corn available to export in 
year t 
QKRC.,. = quantity of rice stock hold by Japanese 
government in year t 
We would expect that the increase in total Japanese 
demand for corn will increase U.S. corn imports by Japan. 
An increase in Thai and other countries corn shipments to 
Japan should reduce U.S. corn imports. Also, an increase in 
corn available for export in Thailand and other corn exporting 
countries will tend to decrease U.S. corn imports. An in­
crease in U.S. corn available for export should increase 
Japanese corn imports from U.S. An increase in the rice 
stock which can be substituted for corn should also reduce 
U.S. corn imports. 
The Japanese import demand for Thai corn is specified 
under the trade agreement contract between the Japan Peed 
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Association and the Thai Board of Trade. This trade con­
tract is negotiated annually. The quantity of Japanese im­
ported Thai corn is specified as a function of the import 
corn price which is based on the U.S. corn price, the 
quantity of Thai corn available for export, and the rice 
stock held by the Japanese government. If this 
function is linear, it can be expressed as; 
JTCNt = WQ + + WgTHCN^ + WgQKRCt (41) 
We would expect that an increase in the import price of 
Thai corn will reduce the quantity of corn Japan would 
import from Thailand. The sign of the coefficient w^^ 
should be negative. The increase in the quantity of Thai 
corn available for export should increase Thai corn ship­
ments to Japan. An increase in the rice stock should reduce 
the quantity of corn imported from Thailand. So the ex­
pected sign of w^ is negative. 
The EEC Corn Imports Equation 
The EEC corn import, or excess demand equation is 
derived from the domestic corn demand and domestic corn 
supply equations. The domestic corn supply equation can 
be specified as the quantity of corn supplied depending on 
present and past values of the domestic producers' corn 
price. Lagged-price also influences the supply decision. 
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If the functional form of domestic supply equation is 
linear, we have: 
SCN^ = ig + i^ DPCN^ + i2DPCN^_i (42) 
where ; 
SCN. = quantity of domestic supply of corn in EEC 
in year t 
DPCN^ = domestic producers * corn price in year t 
DPCN^_^ = lagged domestic producers' corn price 
As the present and lagged corn prices increase, the 
supply of corn should increase. The expected sign of i^ 
and ±2 should be positive. 
The domestic demand for corn is derived from the 
assumption of utility maximization by consumers and profit 
maximization by feed manufacturer that use corn as an 
input. The quantity of domestic demand for corn can be 
specified as a function of current domestic corn price, 
other substitute inputs' prices, and national income. If 
the form of the function is linear, we have: 
DCN^ = jg + j^DPCNt + jgOIPt + igNI^ (43) 
where : 
DCN^ = quantity of domestic demand for corn in year t 
OIP. = other input price that can substitute for corn 
in year t 
NI^ = national income in year t 
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From the domestic corn demand' and supply equations we 
can obtain import demand for corn. It can be specified 
as : 
ECCN^ = DCN^ - SCN^ (44) 
or 
ECCN^ = Iq + l^DPCN^ + l2DPCNt_i + l^OIP^ + l^NI^ (45) 
where : 
ECCN^ = quantity of corn import by EEC in year t 
One fundamental principle of Common Agricultural 
Policy is common preference. So we include the quantity 
of French corn shipped to EEC member countries as an inde­
pendent variable in the corn import demand equation. We 
use the producer corn price in France which is the main 
grain producing area, as a proxy variable for domestic 
producers' corn price. And for the corn substitutes in feed 
rations we use the quantity of Thai tapioca shipped to the 
EEC as a proxy variable for the substitue's price. Taking 
into account these considerations, the EEC corn import 
equation becomes : 
EECN^ = rQ + r^DPCN^ + r2DPCN^_2 + r^FRCN^ + r^ITTC^ 
+ rgECGDP^ (46) 
10,5 
where : 
FRCN. = quantity of French corn ship to the EEC in 
year t 
ITTC. = quantity of Thai tapioca shipped to the EEC 
in year t 
ECGDP^ = EEC gross domestic products in year t 
The domestic price of corn has two effects on the 
quantity of corn imports. The first effect is the supply 
effect. As the domestic price increases, the domestic supply 
should increase, therefore, decreasing the demand for im­
ports. The second effect is the demand effect. As the domestic 
price increases, domestic demand should fall, therefore, de­
creasing the demand for imports also. The combined effect 
in domestic demand and supply tends to decrease the quantity 
of corn imports from nonmember countries. The increase, in 
corn shipped from France and tapioca shipped from Thailand 
is expected to decrease corn imports, so the coefficients, 
r^ and r^ should be negative. A rise in income should in­
crease the demand for corn imports. 
Reed (53) developed a domestic corn price equation in 
countries that have trade barriers. The equation for domestic 
corn price is derived from maximization of the government's 
utility function. The utility function for the importing 
country's government includes variables such as domestic corn 
sales value, the quantity of corn imports, corn import's 
value, the revenue the government receives from trade barriers 
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for corn, and consumer surplus. The trade barrier would al­
low domestic com production to increase, the quantity and 
value of corn imports to fall, government revenues to in­
crease, and consumer surplus to increase. 
Applying Reed's work, that uses domestic price as an 
policy instrument, we can specify the domestic French 
producer's corn price to depend on lagged producer's corn 
price, the corn import price, the quantity of corn shipped 
from France, the quantity of tapioca imported from Thailand, 
the gross domestic product in EEC countries, and the quantity 
of corn imported from nonmember countries. If the form of 
the function is linear, we can state domestic producer's corn 
price in France as : 
DPCN^ = Sg + S^DPCNt_i + SglPCN^ + S^FRCN^ + S^ITTC^ 
+ SgECGDPt + SgECCN^ (47) 
where : 
IPCN^ = imported price of corn in year t 
As lagged domestic corn price increases, the domestic 
corn supply should increase and it should cause the domestic 
corn price to decrease. As the corn import price increases 
we would expect domestic corn price to increase. As corn 
imported from France and tapioca imported from Thailand 
increase we would expect domestic corn price to decrease. 
As income increases, the domestic corn price should also 
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increase. And as the quantity of corn imported from non-
member countries increase we would expect that domestic 
corn price should decrease. 
The Rest of the World Corn 
Import Equation 
The quantity of corn imported by the rest of the world 
is specified as a function of the rest of the world's gross 
domestic products, the current world corn price, and the 
current world wheat price. The reason that we use wheat as 
a substitute for corn is that in several regions, wheat is 
also used in animal feed. If the functional form of the 
rest of the world's corn demand is linear, it can be 
stated as: 
ROCN^ = Ug + U^WPCN^ + UgWPWH^ + u^RWGDP^ (48) 
where : 
ROCN. = quantity of corn imported by the rest of 
the world in year t 
WPCN^ = world corn price in year t 
WPWH^ = world wheat price in year t 
RWGDP. = the rest of the world gross domestic 
products in year t 
As the world corn price increases, the quantity of corn 
imported should decrease. The expected sign of the coeffi­
cient u^ should be negative. As world wheat price increases, 
the importing countries will demand less wheat and import 
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more corn for substitution. So, the expected sign of the 
coefficient Ug is positive. As the rest of the world's 
gross domestic products increase, we would expect the 
quantity of corn to be imported to increase. 
Identities and Market Clearing 
Equations 
Identities 
QFSB^ = IPSM^ + 0.8 * IFSB^ 
QFCN^ = IFCN^ + ASCN^ 
QFSG^ = IFSG^ + ASSG^ 
where : 
ASCN^ = change in stock of corn in year t 
ASSG^ = change in stock of sorghum in year t 
Equation 49 states that quantity of soybean meal used 
in mixed-feed in year t equals the sum of the soybean meal 
imported for feed in year t and the quantity of domestic 
soybean meal production. To convert the. quantity of 
soybean imported for crushing meal to the soybean meal 
equivalent, 0.8 is used as the conversion factor. This 
means that to produce 0.8 metric ton of soybean meal, 1 
metric ton of soybeans is needed. 
Equation 50 states that quantity of corn used in mixed-
feed equals the sum of corn imported for feed and the change 
(49) 
(50) 
(51) 
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in corn stocks. The same explanation applies for the 
quantity of sorghum used in mixed-feed (Equation 51). 
Market clearing conditions in Model I 
In the mixed-feed market, market equilibrium between 
the quantity of mixed-feed supplied and demanded will 
determine the equilibrium mixed-feed price. This market 
clearing condition can be stated as; 
QSMS^ = FDBC^ + PDDC^ + FDHG^ + FDBL^ + FDLY^ 
(52) 
The market-clearing condition in the livestock products 
market states that the quantity of livestock products de­
manded for the different types of livestock is equal to 
the sum of the quantity of domestic livestock products 
supplied and the quantity of livestock products imported. 
This market clearing equations can be stated as follows; 
QDBF^ = QSBF^ + IMBF^ (53)  
QDMK^ = QSMK^ + IMMK^ (54)  
QDPK^ = QSPK^ + IMPKt (55)  
QDCM^ = QSCM^ + IMCM^ (56)  
QDEG^ = QSEG^ + IMEG^ (57)  
where : 
IMBF^ = quantity of beef import in year t 
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IMMK. = quantity of milk and milk products import in 
year t 
IMPK^ = quantity of pork import in year t 
IMCM^ = quantity of chicken meat import in year t 
IMEG^ = quantity of egg import in year t 
Market clearing condition in Model II 
Model II includes the world corn market clearing condi­
tion. This model assumes that world corn exports are 
predetermined. So the equilibrium world corn price is de­
termined by world corn import demand. This market clearing 
condition can be stated as; 
WSCN^ = ECCN^ + JNCN^ + ROCN^ (58) 
where ; 
WSCN^ = world corn export in year t 
ECCN^ = the EEC corn import in year t 
JNCN^ = Japanese corn import in year t 
ROCN^ = the rest of the world corn import in year t 
Table 4-1 contains descriptions of all variables used 
in this study. Tables 4-2 to 4-7 summarize the expected 
sign of the coefficients in each equation in Models I and 
II. Figures 4-1 and 4-2 depict the interrelationships in 
Models I and II. 
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Table 4-1. The variables used in this study 
^ variable^ Unit of measure Description Name 
APMF EN 
DPCN EN 
ECCN EN 
ECGDP EX 
ER EX 
FDBC EN . 
FDBL EN 
FDDC EN 
Yen per 20 kg. 
Francs per 10 kg. 
thousand metric 
tons 
million dollars 
100 yen per one 
dollar 
Thousand metric 
tons 
Weighted average mixed-
feed price 
Domestic French pro­
ducers corn price 
EEC corn imports from 
the rest of the world 
EEC gross domestic 
products 
U.S. Japanese exchange 
rate 
Mixed-feed demand for 
beef 
Mixed-feed demand for 
broilers 
Mixed-feed demand for 
dairy 
^Subscripts t and t-1, which stand for current year and 
preceding year, are omitted. First two letters in name 
indicate family of variable. AP = average price; DP = 
domestic price; EC = EEC countries; FD = mixed-feed demand; 
FR = France; IF = import for feed; IN = import for non-
feed; IP = import price; IV = inventory; QD = quantity demand; 
QF = quantity use in mixed-feed; IM = quantity net livestock 
products import; QK = quantity of stock; QS = quantity 
domestic supply; RP = retail price; WP = world price. Last 
two letters in name identify crop, type of livestocks, and 
livestock products, etc. MF = mixed feed; CN = corn; NI = 
national income; BC = beef cattle; BL = broilers; DC = dairy 
cattle; HG = hogs; LY = layers; SB = soybean; SG = sorghum; 
SM = soybean meal; TC = tapioca; FH = fish; BF = beef; CM = 
chicken meat; EG = eggs; MK = milk; PK = pork; RC = rice; 
AG = agriculture. 
^EN = endogenous variable; EX = exogenous variable. 
^Variables in the EEC and the rest of the world corn 
import equations. Unless otherwise specified, variables 
refer to Japan. 
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Table 4-1 (Continued) 
Name^ variable^ Unit of measure Description 
FDHG 
FDLY 
FRCN^ 
IFCN 
IFSB 
IFSG 
IFSM 
IMBF 
IMCM 
IMEG 
IMFH 
IMMK 
IMPK 
INCN 
INSB 
IPCN 
IPSE 
IPSO 
EN 
EN. 
EX 
EN 
EN 
EN 
EN 
EX 
EX 
EX 
EX 
EX 
EX 
EN 
EN 
EX 
EX 
thousand metric Mixed-feed demand for hogs 
tons 
" Mixed-feed demand for 
layers 
" EEC corn import from France 
" Corn imports for feed 
" Soybean imports for feed 
" Sorghum imports for feed 
" Soybean meal imports for 
feed 
" Quantity of net beef imports 
" Quantity of net chicken meat 
imports 
" Quantity of net egg imports 
" Quantity of net fish imports 
" Quantity of net milk and 
milk products imports 
" Quantity of net pork imports 
" Corn imports for nonfeed 
" Soybean imports for nonfeed 
Import price of corn 
Import price of soybean 
Import price of sorghum 
dollars per 
metric tons 
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Table 4-1 (Continued) 
Name^ variable^ Unit of measure Description 
ITTC 
IVBC 
IVBL 
IVDC 
IVHG 
IVLY 
JNI 
JOCN 
JTCN 
JUCN 
JUSB 
LDFH 
ORGR^ 
ORGJ 
QDBF 
QDCM 
EX 
EN 
EN 
EN 
EN 
EN 
EX 
EX 
EN 
EN 
EN 
EX 
EX 
EX 
EN 
EN 
thousand metric 
tons 
billion yen 
thousand metric 
tons 
dollars per 
metric ton 
thousand metric 
tons 
EEC imports tapioca from 
Thailand 
Beef cattle inventory 
Broilers inventory 
Dairy cattle inventory 
Hogs inventory 
Layers inventory 
Japanese national income 
Japanese imports corn 
from other countries 
Japanese imports corn 
from Thailand 
Japanese imports corn from 
U.S. 
Japanese imports soybean 
from U.S. 
Quantity of fish landing 
Ocean freight rate from 
U.S. gulf ports to 
Rotterdam 
Ocean freight rate from 
U.S. gulf ports to Japan 
Quantity of beef demand 
Quantity of chicken meat 
demand 
QDEG EN Quantity of eggs demand 
Table 4-1 (Continued) 
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Name^ variable^ Unit of measure Description 
QDMK 
QDPK 
QFCN 
QSBF 
QSCM 
QSEG 
QSMF 
EN 
EN 
EN 
thousand metric 
tons 
QFRC EX 
QFSG EN 
QFSM EN 
QKRC EX 
EN 
EN 
EN 
EN 
QSMK EN 
QSPK EN 
QSSM EN 
RWGDP^ EX million dollars 
Quantity of milk and milk 
products demand 
Quantity of pork demand 
Quantity of corn use in 
mixed-feed 
Quantity of rice use in 
mixed-feed 
Quantity of sorghum use 
in mixed-feed 
Quantity of soybean meal 
use in mixed-feed 
Quantity of rice stock 
held by the government 
Domestic beef supply 
Domestic chicken meat 
supply 
Domestic egg supply 
Domestic mixed-feed pro­
duction 
Domestic milk and milk 
products supply 
Domestic pork supply 
Domestic soybean meal 
production 
Rest of the world gross 
domestic products 
RPBF EN yen per kg. Retail beef price in Tokyo 
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Table 4-1 (Continued) 
Name^ variable^ Unit of measure Description 
RPCM 
RPEG 
RPFH 
RPMK 
RPPK 
THCN 
USCN 
WPCN^ 
WPWH^ 
WRAG 
ASCN 
EN 
EN 
EN 
EN 
EN 
EX 
EX 
EX 
EX 
EX 
yen per kg. 
1975=100 
yen per 180 c.c. 
yen per kg. 
thousand metric 
tons 
dollars per 
metric ton 
yen per day 
thousand metric 
tons 
Retail chicken meat price 
in Tokyo 
Retail egg price in Tokyo 
Index retail fish price in 
Tokyo 
Retail milk price in Tokyo 
Retail pork price in Tokyo 
Total Thai corn exports 
Total U.S. corn exports 
World corn price at U.S. 
ports of export 
World wheat price at U.S. 
ports of export 
Wage rate in agriculture 
Change in corn stock 
ASSG EX Change in sorghum stock 
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MARKET 
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,AND SOYBEAN 
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Figure 4-1. Overview of Model I 
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Table 4-2. Summary of expected signs of the 
in import block 
coefficients 
Dependent 
variables 
Independent variables 
APMF IPCN/ER IPSG/ER IPSB/ER QFRC JNI 
IFCN 
+
 
1 + -
IFSG 
p. 1 + 
+
 -
IFSB ? 
IFSM ? 
INCN - + 
INSB + + 
Table 4-3. Summary of expected signs of the 
in ïiTixed-rfeed production block 
coefficients 
Dependent Independent variables 
variable QFCN QFSG QFSM QFRC 
QSMF + + + + 
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Table 4-4. Summary of expected signs of the coefficients in livestock 
supply block 
Dependent Independent variables 
variables FDBC FDHG FDBL FDLY FDDC IVBC IVHG IVBL IVLY IVDC 
QSBF + + 
QSPK + + 
QSCM . + + 
QSEG + + 
QSMK + + 
Independent variables 
Dependent 
variables _ , ^ Y Y Y Y 1 
a i a s i a a a a a a B a  
IVBC - - + + 
IVHG - - + + 
IVBL — - + + 
IVLY - + + 
IVDC — — + + 
^-1 indicates lagged inventory. 
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Table 4-5. Summary of expected signs of the coefficients 
livestock products demand block 
in the . 
Dependent Independent variables 
variables RPBF RPPK RPCM RPFH RPEG RPMK JNI LDFH IMFH SKFH , 
— X  
QDBF - + + + + 
QDPK + — + + + 
QDCM + + - + + 
QDEG + 
QDMK + 
RPFH + -
Table 4-6. Summary of expected signs of the coefficients 
import block 
in sources of 
Dependent Independent variables 
variables JNCN USCN JTCN JOCN THCN OTCN QKRC IPCN/ER 
JUCN 
JTCN + - -
Table 4-7. Summary of expected signs of the coefficients 
and the rest of the world corn demand 
in the EEC 
Dependent Independent variables 
variables DPCN DPCN FRCN ITTC ECGDP WPCH + ECCN WPCN WPWH 
ORGR 
RWGDP 
EECN 
DPCN - - — + + — • 
ROCN - + + 
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Figure 4-2. Overview of Model II 
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CHAPTER V. ESTIMATION PROCEDURES AND DATA 
Estimation Procedures 
The estimation procedures used to estimate the struc­
tural equations of the Japanese feed grain market are; 
autoregressive least squares (ALS), and two-stage principal 
component. The first section of this chapter will discuss: 
1) two-stage principal component procedure, 2) auto­
regressive least squares procedure, and 3) procedure to 
obtain the reduced-form multipliers. The second section 
will discuss data and sources of data. 
Two-stage principal component (2SPC) 
In estimating the parameters of the structural equa­
tions from the estimates of parameters of the reduced-form 
equations, we need to check the condition for identifi­
cation. When we get unique estimates for the parameters 
of an equation, we say that the equation is "exactly" or 
"just" identified. When we get multiple estimates, we say 
that the equation is "overidentified". When we get no esti­
mates, we say that the equation is "underidentified." We can 
check the identification for each single equation in a model 
by using an order condition which is necessary condition. 
In order to check the order condition, we need to count the 
number of endogenous and exogenous variables that are ex­
cluded from each particular equation, to determine if the 
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number of the variables is greater than, equal to, or less 
than the number of endogenous variables in the system, less 
one. The order condition can be written as : 
^2 ^2 ^2 ®1~^ 
or 
Gg + *2 7 G-1 
where : 
G, = number of endogenous variables included in 
the equation 
Gg = number of endogenous variables excluded from 
the equation 
Kg = number of exogenous variables excluded from 
the equation 
G = total number of endogenous variables in all 
equations in the model 
If G, + = G-1, the equation is said to be exactly 
^ identified 
If G~ + K_ > G-1, the equation is said to be over-
identified 
If G_ + K_ < G-1, the equation is said to be under-
identified 
Table 5-1 shows that each equation in the Japanese 
feed grain market is overidentified. It is consistent with 
statistical theory which usually assumes that macroeconomic 
models are in fact overidentified (56). To apply the 
standard two-stage least squares for estimating parameters 
of the equations in this study is not possible because of 
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Table 5-1. Check identification for each single equation in Model I 
Equati..: 
1 4 1 39-4 = 35 26-1 = 25 35+25 = 60 X 
2 2 4 39-2 = 37 26-4 = 22 37+22 = 59 X 
3 2 4 I I  I I  X 
4 2 4 11 I I  
5 2 4 I I  X 
6 1 2 39-1 = 38 26-2 = 24 38+24 62 X 
7 1 2 X 
8 3 0 39-3 = 36 26-0 = 26 36+26 62 X 
9 3 0 X 
10 3 0 X 
11 3 0 X 
12 3 0 X 
13 4 0 39-4 = 35 35+26 61 X 
14 4 0 X 
15 4 0 X 
16 4 0 I t  X 
17 4 0 I I  X 
26 3 2 39-3 = 36 26-2 = 24 36+24 60 X 
27 3 2 X 
28 3 2 I t  X 
29 3 2 I I  X 
30 3 2 I I  X 
31 5 1 39-5 = 34 26-1 = 25 34+25 59 X 
32 5 1 I I  X 
33 5 1 I I  X 
a_ 
^Equation number in Chapter IV, 
G = total number of endogenous variables = 39. 
°K = total number of exogenous variables = 26. 
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Table 5-1 (Continued) 
Equation K^.K-K^ G^+K^ just^'^^ïr^^^Sder 
34 2 1 39-2 = 37 26-1 = 25 37+25 62 X 
35 2 1 X 
39 1 4 39-1 = 38 26-4 = 22 38+22 60 X 
40 3 5 39-3 = 36 26-5 = 21 36+21 57 X 
41 1 3 39-1 = 38 26-3 = 23 38+23 = 61 X 
49 3 0 39-3 = 36 26-0 = 26 36+26 = 62 X 
50 2 1 39-2 = 37 26-1 = 25 37+25 = 62 X 
51 2 1 X 
52 6 0 39-6 = 33 26-0. = 26 33 + 26 = 59 X 
53 2 1 39-2 = 37 26-1 = 25 37+25 = 62 X 
54 2 1 I t  X 
55 2 1 I t  X 
56 2 1 I I  X 
57 2 1 I f  X 
limited sample data. In Model I, there are 39 equations, 
39 endogenous variables, 26 exogenous variables but only 
16 observations. Some solutions have been proposed to cope 
with the large model small-data problem: 
1. 2SPC method which was originally proposed by Kloek 
and Mennes (31) allows a limited number of principal 
components of exogenous variables to be used in the first 
stage regression. 
2. The second method reduces the number of exogenous 
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variables by dividing the system of equations into sub-_ 
systems. Then an estimate of each equation in a subsystem 
is based on the exogenous variables occurring in that sub­
system (31). 
The principal component method is a technique that 
creates a small number of new variables which are linear 
combinations of all exogenous variables. These components 
have the desirable statistical properties of being un-
correlated to each other and explaining a maximum amount of 
the variance from all exogenous variables (51). 
The procedure to obtain principal components Princi­
pal components can be derived from the correlation matrix 
or from the variance-covariance matrix (35). 
Using a positive definite variance-covariance matrix: 
Let = j-th observation on i-th variable, 
i — 1,2/...K/ 
j = 1,2,...N. 
Mean of the i-th variable is 
1 N 
*ij ° Xij-Xi 
The K X K variance-covariance matrix X'X can be defined 
as : 
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X'X = 
^11 ^12 
^21 ^22 
I *K1 *K2 
"IN 
'•2N 
X KN J 
f^ll *21 
*1N *2N 
*K1^ 
*12 *22 ' *K2 
KN 
'11 
'21 
'12 
'22 
^K1 ^K2 
K xN 
^IK 
^2K 
^KK 
K xK 
N xK 
Let 3£ be the characteristic vector of coefficients of 
the first principal component. And 3' be the KxK matrix 
of coefficients of all K principal components. 
i  3 
3' = 
11 
'21 
3 12 
'22 
•• ^IK ^ 
'2K 
^K1 ^K2 ••• ^KK 
^1' 
^2 
The variance of the first principal component is 
v(Ci) = eix'XGi = I  ? eiiBijCii ( X )  
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To prevent the increase of V(C^) without limit we re­
quire that $^$2 = 1. The procedure is to select the 
coefficient vector (g^) which maximizes variance V(C^) 
subject to the restriction that = 1. 
Max. L = V(Cj^) + lj^(l-6j^3^) 
%= ^  + i i ' i - e iGi ) ]  =  0  
=  2  ( a ^ j - l ^ I ) =  0  
(aij-lil)3i = 0 (2) 
The first principal component, is obtained by 
solving the characteristic Equation 2 for its characteristic 
roots 1^ and characteristic vector The coefficient 
vector was chosen to maximize variance, and 1^ must be the 
greatest characteristic root of x'x. 
The second principal component, Cg = is the linear 
combination of the observed variables which: 1) is un-
correlated with 2) satisfies 3^32 = If and 3) has the 
maximum variance out of all possible linear combination of 
the observed variables that satisfy 1 and 2. 
In general, the r-th principal component, = g^X, 
is the linear combination of the observed variables which: 
1) is uncorrelated with C^, C2,. • • 2) satisfies 
g^g^ = 1; and 3) has maximum variance out of all possJ 
linear combinations that satisfy 1 and 2. 
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There is a problem, though, in principal component 
method. The first principal component, picks up the 
major portion of variances of the exogenous variables, and 
need not necessarily be the one that is the most highly 
correlated with the endogenous variable. In fact, there is 
no necessary relationship between the order of the principal 
components and the degree of their correlation with the 
endogenous variable (36). 
The procedure for selecting the principal components 
to be used in the first stage of 2SPC tries to select the 
principal components which are highly correlated with the 
endogenous variables in the equation. The degree of correla­
tion between endogenous variables and principal components 
can be obtained by the correlation matrix. From the 
correlation matrix we can select the principal components 
that are highly correlated with the endogenous variables. 
The next step is to determine the number of principal 
components to be used in the first-stage regression. Kloek 
and Mennes (31) suggest that, there are two boundaries, 
the first being that identification requires 
A = 
where ; 
& = number of principal components 
G, = number of endogenous variables included in the 
equation 
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The procedure first tries & = G^, and if the standard 
errors are unsatisfactorily large, and then tries 2 = G^+1, 
etc. 
The second boundary is (K^+&)/T 
where : 
K, = number of exogenous variables included in the 
equation 
T = number of observations. 
This criterion suggests that the value of (K^+&)/T must 
not be too large (not to exceed one-third, for example), 
because otherwise the estimates of the reduced-form 
disturbances become very unreliable. 
The steps of 2SPC estimation If the equation of 
interest is linear, it can be written as; 
= A + BYG + (3) 
where : 
and Y^ are endogenous variables and is exogenous 
variable. The estimation procedure is classified into two 
steps. 
First, regress Yg on all the principal components which 
are selected from the previous discussion and obtain the 
predicted value Yg. 
Second, regress Y^^ on predicted value Yg and exogenous 
variable, X, to get the estimated parameters, â and $ and y. 
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Table 5-2. Principal components used in the first-stage 
of 2SPC 
Endogenous variables Principal components 
APMF C I ,  S 
FDBC 
^1' S' ^5 
FDBL C 2 ,  ^4 
FDDC C I ,  C 2 ,  ^4 
FDHG C ^ .  C 2 ,  ^3 
FDLY C I ,  ^ 2 '  ^4 
IFCN + INCN C I '  C 4 '  C5 
IVBC C I ,  ^ 2 '  ^5 
IVBL C I ,  C 2 ,  ^5 
IVDC C I ,  C 2 ,  ^4 
IVHG C I ,  C 2 ,  S 
IVLY C I ,  C 2 ,  ^4 
JTCN C I ,  C 2 ,  S' ^ 4 '  C5 
QFCN 
^1' C 2 ,  ^ 3 '  C5 
QFSG C I ,  ^ 2 '  ^ 4 '  C5 
QFSM C I ,  ^ 2 '  ^ 3 '  C4 
RPBF 
^1' C 2 ,  ^ 3 '  C 4 ,  C5 
RPCM C I ,  ^ 2 '  S' C 4 '  C5 
RPEG C I ,  ^ 2 '  S' C 4 '  C5 
RPFH C L '  C 2 ,  ^ 3 '  C 4 '  C 5  
RPMK C L '  ^ 2 '  C 3 '  C 4 '  S  
RPPK C I ,  C 2 ,  C 3 ,  C 4 ,  C5 
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If the equation is linear in parameters, but nonlinear 
in variables, for example, the Cobb-Douglas form of the live­
stock products supply functions, we can apply nonlinear 
least squares method. 
Let the equation of interest be; 
Y3 = AY^X^e^ (4) 
This function can be written in linear in the log as: 
2n Yg = &n A +a&n + g&n + u (5) 
In Equation 5, the endogenous variables Yg and Y^ 
appear in nonlinear"form in this equation. An approxima­
tion of the nonlinear reduced form may be obtained by esti­
mating the reduced form by utilizing a polynomial in the 
exogenous variables (30). In the case of using 2SPC, in 
the first-stage, we regress the endogenous variable Y^, 
on a polynomial in the principal components. In this study, 
we apply second degree of polynomial. 
In the second-stage, we regress Jin Y^ on the predicted 
values of &n Y^ and Zn X^ to obtain the extimated parameters. 
Autoreqressive least squares 
In the case of time-series data, we often find that 
the residuals are serially correlated. There are three 
reasons for expecting auto-correlation in the errors (16): 
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1. Incorrect specification of the mathematic form of 
the relationship, for example, linear rather than 
quadratic. 
2. Omission of relevant variables, and 
3. Measurement errors 
If auto-correlation is present and there is a lagged 
endogenous variable, ordinary least squares will give the 
biased and inconsistent estimators. If there is no lagged 
endogenous variables in equation but auto-correlation is 
present, estimated coefficients are consistent but esti­
mated variances are biased (15). 
To solve the auto-correlation problem, we apply ALS 
method for estimating parameters. This procedure is a 
special case of modified Guass-Newton nonlinear least 
squares. The procedure starts with an initial set of esti­
mates of the parameters and proceeds to improve on these 
estimates. Usually, the initial set of estimates of the 
parameters are obtained from ordinary least squares esti­
mates. The iteration continues until there is almost no 
change in the estimated parameters of the equation (34). 
Once an economic model has been estimated, the next 
step involves a procedure to solve the reduced-form of the 
model. This is done to obtain the reduced-form multipliers 
and to make forecast for some future period. Let a set of 
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simultaneous equations of the linear model be; 
3Y + rx = 0 (6) 
where 3 is a GxG matrix of coefficients of the endogenous 
variables, Y is a Gxl vector of endogenous variables, 
r is a GxK matrix of coefficients of the exogenous vari­
ables, and X is Kxl vector of exogenous variables. The 
solution, or reduced-form, of the model is 
Y = -3"^rx = ïïX (7) 
where : 
aY 
TTij = -gYy is the GxK matrix of reduced form multi­
pliers. The main problem in this thesis is calculation of 
3 ^ because some equations in the model are linear equations 
and some equations, such as the livestock products supply 
functions are nonlinear equations. These nonlinear equa­
tions can be handled in either of two ways; a) the non­
linear equations in the model could be linearized by using 
the first-order terms of a Taylor series expansion, or b) 
the Gauss-Seidel method could be applied to solve 
simultaneous nonlinear equations (23). 
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Data and Sources of Data 
The variables in this study are classified into two 
sets. Data for the first set of variables came from pub­
lished reports. These variables and sources of their data 
are shown in Table 5-3. The second set of variables are 
derived from the first set. The variables in the second 
set are: 
APMF Data for the weighted average mixed-feed 
prices are obtained by calculating the weighted average price 
of mixed-feeds for different types of livestock. The formula 
for estimation of the mixed-feed price is as follows : 
s 
Z QMF.. * PMF.. 
i —1 
= QMPt 
where ; 
APMP^ = weighted average mixed-feed price in year t 
QMFit = quantity of mixed-feed for livestock i sold 
in year t 
PMF^^ = price of mixed-feed for livestock i in year t 
QMP^ = quantity of total mixed-feed sold in year t 
ECGDP Data on EEC gross domestic product are obtained 
by summation of gross domestic products in each of the EEC 
member countries. The source of these data are the" United 
Nations Statistical Yearbook (59). The data from 1961 to 
1972 included the gross domestic products of 6 member 
134 
Table 5-3.. Sources of data 
Variables code name Source of data 
FDBC, FDBL, FDDC, PDHG, 
FDLY, IFCN, IFSG, INCN, 
QFCN, QFRC, QFSG, QFSM, 
QSMF 
ER, LDFH, JNI, QKRC, 
RPBF, RPCM, RPEG, RPFH, 
RPMK, RPPK 
DPCN 
ECCN, FRCN 
ITTC, TECN 
IFSM 
IVBC, IVBL, IVDC, IVHG, 
IVLY, QSBF, QSCM, QSEG, 
QSMK, QSPK 
ORGR, ORGJ 
JOCN, JTCN, JUCN, JUSB 
Ministry of Agriculture, Forestry, 
ànd Fisheries (43) 
Prime Minister's Office, Statistical 
Bureau (52) 
United States Department of Agri­
culture (62), Institut National de 
la statistique et des e'tudes 
économiques (28) 
United Nations (60) 
Bank of Thailand (3) 
Food and Agricultural Organization 
of the United Nations (13) 
Food and Agricultural Organization 
of the United Nations (12) 
United States Department of 
Agriculture (64, 65, 66) 
Coyle (6), Greenshields (20), 
Greenshields and Brigida (21), 
United States Department of Agri­
culture (63, 68) 
USCN, WPCN, WPWH United States Department of Com­
merce, Bureau of the Census (74) 
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countries (Belgium, Luxemburg, France, Italy, the Nether­
lands, and West Germany). The data from 1973 to 1978 in­
clude the gross domestic products of 9 member countries. 
QSSM Domestic soybean meal production in Japan is 
calculated by subtracting the quantity of soybean meal im­
ports from the total domestic soybean meal used in mixed-
feed. Domestic soybean used in mixed-feed is reported in 
the Statistical Yearbook of the Ministry of Agriculture, 
Forestry and Fisheries (43). Data on soybean meal imports 
are collected from the FAO Trade Yearbook (13) . 
IFSB Japanese soybean imports for crushing meal 
and oil are estimated by converting domestic soybean meal 
production, QSSM, to the soybean equivalent. The conversion 
factor, in this study, used 0.8. This means that one ton 
of soybean yields 0.8 ton of soybean meal. 
INSB Data on Japanese imports of soybeans for food 
and processed products are estimated by subtraction of the 
total Japanese soybeans imported by soybeans imported for 
crushing meal and oil. 
IPCN, IPSE, IPSG The import price of corn, soybean, 
and sorghum are calculated by adding ocean shipping costs 
from the U.S. gulf port to Japan to the export price at 
136 
the port of export for corn, soybeans, and sorghum, respective­
ly. For example, the calculation formula for the import 
price of corn is: 
IPCN = WPCN + ORGJ, 
where : 
IPCN = import price of corn.in Japan, 
WPCN = export price of corn at port of export, 
ORGJ = ocean freight rate of shipping corn from U.S. 
gulf port to Japan. 
The export grain price at port of export is reported 
in the Statistical Abstract of the United States Yearbook 
(74). Ocean freight rates from the U.S. gulf port to Japan 
are collected from the Foreign Agricultural Trade of the 
United States (64, 65, 55). 
QDBF, QDCM, QDEG, QDMK, QDPK Data on the quantity of 
domestic demand for different types of livestock products in 
Japan are derived by adding the quantity of domestic live­
stock products supplied to the quantity of net imports of 
livestock products. For example, the formula for calculating 
the total demand for beef is as follows ; 
QDBF = QSBF + IMBF, 
where ; 
QDBF = quantity domestic demand for beef, 
QSBF = quantity of domestic production of beef, 
IMBF = quantity of net beef imports. 
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Data on the quantity of livestock production are reported 
in the FAO Production Yearbook (12). The quantity of net 
livestock products imported is calculated by subtracting the 
quantity of livestock products exported from the quantity 
of livestock products imported. Data on quantities of live­
stock products imported and exported are collected from the 
FAO Trade Yearbook (13). 
RWGDP Data on the rest of the world's gross domestic 
product are estimated by summing the gross domestic products 
of major corn importing countries. These countries in­
clude; The USSR, Spain, Portugal, Poland, and South Korea. 
GDP data for each of the countries is collected from the 
United Nations Statistical Yearbook (59). 
WRA.G The wage rate in the agricultural sector of 
Japan is obtained by using a simple average of the male and 
female wage rates in the agricultural sector. These wage 
rates are collected from the Statistical Yearbook of the 
Ministry of Agriculture, Forestry and Fisheries (43). 
The variables used to reflect the export availability 
of corn by U.S. and Thailand were the total quantity of corn 
exports by U.S. and Thailand in the same period. 
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CHAPTER VI. EMPIRICAL RESULTS 
This chapter presents the statistical analysis of the 
models. The estimated structural equations of Model I are 
arranged into the following blocks: 
Block Equation numbers 
I Import demands 1.1-8 and P1-P5 
II Commercial mixed-feed production 9 and P9 
III Livestock products supplies 10-24 and P10-P24 
IV Consumer demand for livestock 25-30.2 and P25-P29 
products 
V Sources of corn imports 31-32 and P31 
Model II adds one block to Model I and this block includes 
three equations; the EEC imports, domestic French producers' 
corn price, and the rest of the world corn imports equations. 
In each block, we will discuss the signs of coefficients 
and their statistical significance levels, F statistics, and 
2 the coefficient of determination (R ). The estimation tech­
niques used on each single equation are the Autoregressive 
Least Squares (ALS) and the Two-Stage Principal Component 
(2SPC) methods. The equations that are estimated by ALS are 
preceded by a number while the equations estimated by 2SPC 
are preceded by "P". When using the ALS estimation method 
we experimented with first-, second-, and third-order auto-
correlated errors and selected the most appropriate equation. 
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using the signs and significance levels of the coefficients 
as the major criteria. Two forms of the equations in the 
import demand block were estimated. The results for 
feed corn imports are shown in Equation 1.1 and 1.2 in 
Table 6-1. The input prices in Equation 1.1 are current 
prices. Results with lagged input prices are shown in 
Equation 1.2. There are two reasons for using lagged 
input prices. First, Japanese corn importing companies 
purchase and price their corn through contracts or futures 
transactions several months in advance of shipment times. 
Second, the Japanese government has encouraged feed manu­
facturers to increase their raw materials inventories from a 
one-month's to a two-month's supply. To encourage the 
latter objective, the government has provided loans for 
new storage construction and subsidies for grain inventory 
carrying costs. As a result of these initiatives, importer 
and corn-consuming firms jointly seek to maintain about a 
two-month's inventory of their grain needs. This level, may 
vary somewhat in response to commodity price movements. If 
Japanese buyers expect corn price to increase significantly, 
they may buy early and enlarge their inventories. Alterna­
tively, they might postpone their purchases and allow their 
inventories to drop below the two-month's level if they 
anticipate lower prices (17). 
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Table 6-1. ALS and 2SPC estimate of equations for Japanese 
corn, sorghum, soybean meal, and soybean import 
for feed 
Independent 
variables 
and 
statistics 
Dependent variable = IFCN. 
Equation 1.1 Equation 1.2 Equation pi 
Constant 
APMF, 
(IPCN/ER). 
(IPCN/ER)t_i 
(IPSG/ER). 
(IPSG/ER) t-1 
(IPSB/ER)^ 
(IPSB/ER)t_l 
QFRC^ 
Pt-1 . 
F 
R2 
627.28 
(1.060) 
5.33262** 
(2.858) 
-35.56784^ 
(-1.837) 
31.26233 
(1.384) 
0.30064 
(0.064) 
-0.34478 
(-0.739) 
0.02752 
16.48** 
0.8918 
808.07 
(1.257) 
5.92458** 
(5.707) 
-31.19703* 
(-2.681) 
51.98450** 
(3.541) 
-14.31729** 
(-2.777) 
-0.34425 
(-1.090) 
0.48183 
12.99** 
0 . 8 6 6 6  
163.70 
(0.234) 
3.38975* 
(2.574) 
-33.26053 
(-1.481) 
34.17491 
(1.320) 
2.28074 
(0.482) , 
-0.35614 
(-0.667) 
18.17** 
0.9009 
Significant at the 0.05 level. 
** 
Significant at the 0.01 level. 
Significant at the 0.10 level. 
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Table 6-1 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variable = IFSG. 
Equation 2.1 Equation 2.2 Equation p2 
Constant 
APMF^ 
(IPSG/ER)^ 
(IPSG/ER)t_i 
(IPSB/ER)^ 
(IPSB/ER) 
QFRC^ 
^t-1 
Ot-2 
^t-3 
F 
_2 
-2037.50* 
(-2.213) 
4.43373 
(1.489) 
-7.33162 
(-1.076) 
3.93357 
(0.613) 
0.81422 
(1.466) 
0.55387 
-0.04333 
0.00095 
6.19** 
0.6924 
-805.05 
(-0.799) 
5.05167** 
(3.467) 
-1.84618 
(-0.167) 
-1.69996 
(-0.236) 
0.64343 
(1.369) 
0.57890 
0.05808 
-0.14991 
4.93** 
0.6420 
-1170.76 
(-1.326) 
2.91915 
(1.615) 
-0.35597 
(-0.037) 
2.30145 
(0.350) 
1.05269 
(1.885) 
6 . 8 6 * *  
0.7137 
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Table 6-1 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variable = IFSM. 
Equation 
3.1 
Equation 
3.2 
Equation 
3.3 
Equation 
P3 
Constant 
APMF^ 
(IPCN/ER)^ 
(IPCN/ER) 
(IPSG/ER) t 
(IPSG/ER) 
1, IPCN+IPSGX 
2^ ËR ) 
(IPSB/ER)t 
(IPSB/ER)t_i 
QPRC^ 
^t-1 
F 
„2 
-96.74* 
(-2.402) 
0.26850 
(1.998) 
-1.77121 
(-1.197) 
-0 .20202  
(-0.116) 
t-1 
-63.44 
(-1.494) 
-68.94' 
(-1.904) 
-111.85' 
( 2 . 0 8 0 )  
t 0.75443** 0.76539** 0.15149 
(7.226) (7.968) (1.493) 
0.64877 
(0.529) 
1.66507 
(1.041) 
-1.92156 
(-1.111) 
0.24688 
(0.124) 
2.16702** 
(3.360) 
0.87901* 
(2.470) 
-0.00832 
(-0.242) 
-0.22140 
14.12** 
0.8759 
0.99185* 
(2.719) 
-2.40655** -2.35731** 
(-4.583) (-4.891) 
-0.02978 
(-1.029) 
-0.01825 
14.52** 
0.8789 
-0.02566 
(-1.045) 
-0 .08008  
20.81** 
0.8833 
-0.01979 
(-0.481) 
10.14** 
0.8353 
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Table 6-1 (Continued) 
Independent 
variables 
and 
statistics 
Dependent 
Equation 4.1 
variable =» IFSB. 
Equation 4.2 Equation p4 
Constant 
APMP^ 
(IPCN/ER)^ 
(IPCN/ER)t_i 
(IPSG/ER)^ 
(IPSG/ER)t_i 
(IPSB/ER)^ 
(IPSB/ER) 
^t-l 
9t-2 
9t-3 
42.61 
(0.118) 
2.86460* 
(2.342) 
•21.34913* 
(-2.239) 
22.60232 
(1.970) 
-2.85458 
(-0.966) 
0.15097 
-0.01664 
•0.09591 
7.11** 
0.7211 
65.59 
(0.156) 
1.53855* 
(2.019) 
-14.51706 
(-1.694) 
22.81035* 
(2.167) 
-4.09318 
(-1.081) 
0.48347 
-0.11778 
0.03614 
4.52* 
0.6219 
•102.13 
(-0.270) 
1.77134* 
(2.214) 
-22.65724* 
( - 2 . 2 2 2 )  
27.80956* 
(2.307) 
-2.28844 
(-0.812) 
9.47** 
0.7749 
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Table 6-1 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variable = JUSB^ 
Equation 5.1 Equation 5.2 Equation p5 
Constant 
APMF^ 
(IPCN/ER)^ 
(IPCN/ER) 
(IPSG/ER)^ 
(IPSG/ER) 
(IPSB/ER)t 
(IPSB/ER)t_i 
^t-l 
^t-2 
Bt-3 
872.72' 
(1.993) 
2.81859^ 
(1.819) 
-27.43303* 
(-2.299) 
26.24487^ 
(1.824) 
-1.21552 
(-0.320) 
0.06984 
6.51** 
0.7029 
952.08' 
(1.992) 
3.14978** 
(3.648) 
-19.42289 
(-2.029) 
36.67552** 
(3.150) 
-11.81449** 
(-2.757) 
0.58762 
-0.23460 
0.08444 
6.09** 
0 . 6 8 8 8  
625.22 
(1.330) 
1.83930 
(1.851) 
t 
-28.09122* 
(-2.218) 
30.24064 
( 2 . 0 2 0 )  
-0.48880 
(-0.140) 
7.77** 
0.7387 
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Table 6-1 (Continued) 
Dependent variables ; Independent 
variables 
and 
statistics 
INCNt INSBt QSSMt 
Equation Equation Equation Equation Equation 
6.1 6.2 7.1 7.2 8 
Constant 
(IPCN/ER)^ 
(IPCN/ER)t_i 
(IPSB/ER)^ 
(IPSB/ER) 
JNIt 
JUSB^ 
9t-l 
253.30 670.53** 1157.10** 1501.90** 
(0.912) (3.164) (5.642) (12.601) 
-0.23397 
(-0.236) 
-2.69776** 
(-2.988) 
-0.26091 
(-0.429) 
-1.44232** 
(-3.926) 
0.01494** 0.01849** 0.00345 0.00675** 
(5.800) (8.706) (1.646) (5.552) 
0.52901** 
(27.393) 
0.52274 -0.00871 -0.27976 -0.3099 
t 
0.59195 
19.26** 
0.7477 
41.21** 2.93' 16.37** 750.38** 
0.8637 0.3104 0.7158 0.9804 
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Import Demand Block 
Corn import equations 
All coefficients have the correct sign in Equation 1.1. 
The sign of the soybean coefficient does not have a clear 
interpretation because soybean meal can be used as a source 
of protein supplement and in some cases can be used as a 
grain substitute. If we interpret soybeans to be a source 
of protein in a feed ration, soybeans should be complementary 
to both corn and sorghum. For example, in the corn import 
equation, we included both the corn price and the sorghum 
price. If there is an increase in the corn price, we can 
expect that corn imports by feed manufacturers should drop 
and at the same time sorghum imports should increase. In 
this case, soybean imports for feed could decrease or in­
crease. For simplicity, we will ignore the discussion on 
the cross-price effect between soybean and feed grains in 
the import equation. 
In Equation 1.1, price of sorghum, which can be used as 
a corn substitute, has a positive effect on corn imports. 
In this equation, two coefficients are significant at the 
ten percent level. They are the commercial mixed-feed price 
and corn import price. The figures in parentheses.are t-
values of the regression coefficients. The F statistic is 
significant at the one percent level. R-square is 0.89, 
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which means that the independent variables explain 89 
percent of the variation in cbfh imports. 
All the coefficients have the correct sign in Equation 
1.2 and the coefficients, except the one for rice quantities 
used in feed ration, are significant at the five percent 
level. Although the Japanese government tries to increase 
the use of rice in feed, the data show that feed manu­
facturers used rice in commercial mixed-feeds only from 
1971 to 1973. In 1971, rice quantities used in mixed-feeds 
was about 1.4 million metric tons. As a result, corn 
imports were reduced in that year, but in 1972 to 1973 corn 
imports increased due to the high domestic demand for 
commercial mixed-feed. To cut down the rice surplus, the 
Japanese government subsidized the sale of rice to mixed-feed 
manufacturers. This program still was not effective. This 
analysis found that rice used in feed does not significantly 
effect corn imports. 
Equation pi was estimated by the 2SPC method. Only the 
coefficient of mixed-feed price is significant at the five 
percent level. The results in terms of the sign are the 
same as those in the current and lagged price equations. 
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Sorghum import equations 
Equations 2.1, 2 . 2 ,  and p2 express sorghum imports 
as a function of the mixed-feed price, sorghum price, 
soybean price, and the quantity of rice used in mixed-feed. 
An experiment with Equations 2.1 and 2.2 included the corn 
import price as one independent variable. The signs of 
the estimated coefficients for both corn and sorghum 
prices were wrong. This problem may be caused by multi-
collinearity. Corn and sorghum prices are highly correlated. 
After deleting the corn import price variable, the signs of 
the coefficients improved. The only sign still wrong was 
the coefficient of rice used in mixed-feed. The unexpected 
sign on the rice coefficient may come from the change in 
sorghum stocks which is not taken into consideration in 
these equations. According to the actual data, in 1971, the 
year that the Japanese government started subsidizing rice 
used in mixed-feed, the quantity of sorghum imported should 
drop. Data in 1971, however, indicated that the quantity of 
sorghum imported remained at the same level as the quantity 
of sorghum imported in 1970, but the quantity of sorghum 
used in domestic mixed-feed production dropped to 3.6 million 
metric tons compared with 4 million metric tons in 1970. 
The difference between the amount of sorghum imported and 
amount used in mixed-feed in 1971 may have caused the 
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sorghum stock to increase in that year. This study does not 
capture import demand for stocks. 
There are only two coefficients that are significant at the 
ten percent level. One is mixed-feed price in Equation 2.2 
and the other is quantity of rice used in mixed-feeds in 
Equation p2. The coefficients of sorghum price in these 
three equations are not significant. The nonsignificance 
of sorghum price may be due to the fact that sorghum imports 
are in the increasing stage. Japanese feed manufacturers 
are increasing the amount of sorghum in mixed-feed. The 
ratio of sorghum to corn used in mixed-feed has increased 
from 0.2 in 1962 to 0.7 in 1977. The increased substitution 
of sorghum for corn results mainly because the relative 
price of sorghum to corn is cheaper when compared with the 
nutrient content of both. 
R-square statistics in these three equations is about 
0.65. This means that the independent variables in these 
equations explain 65 percent of the variation of sorghum 
imports. The F statistics in all three equations are sig­
nificant at the one percent level. 
Soybean meal import equations 
Japan imports only a small amount of soybean meal 
used in mixed-feed. In 1977, total soybean meal imports 
were 317 thousand metric tons. They accounted for 14 percent 
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of the total domestic soybean meal used in mixed-feed that 
year. One reason soybean meal imports are so low is that 
they have been restricted by the Japanese government 
policies to encourage domestic crushing of oilseeds and 
to raise per capita fat consumption. 
The estimated result of the current price versions of 
the equation for soybean meal imports, Equation 3.1, has 
the wrong sign for its own price coefficient. The lagged 
price equation. Equation 3.'2, has the right sign for this 
coefficient. The coefficients of mixed-feed price in both 
equations have the correct sign and they are significant 
at the ten percent level. 
The corn price and sorghum price coefficients are not 
significant in either soybean meal import equation. The 
R-square statistics in these two equations are high. 
They are close to 0.9, but the t-values of the independent 
variables are still low. This problem may be caused by 
multicollinearity between the price variables in the equa­
tions. When the problem of multicollinearity occurs, it is 
difficult to detect the effect of each independent variable. 
To eliminate the problem of highly correlated independent 
variables, the average price of corn and sorghum is 
substituted for the com price and the sorghum price vari­
ables. In Equation 3.3, using the average price of corn and 
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sorghum, all pries variables are statistically significant 
at the one percent level and also have the correct signs. 
The variable, rice quantities used in mixed-feed has a 
negative effett on soybean meal imports in all four equations, 
but none of them are significant. The P statistics in all 
equations are significant at the one percent level. The 
independent variables explain about 88 percent of the 
total variation in soybean meal imports. 
The soybean import equation for the production of meal and oil 
The source of soybean imports depends on the purpose for 
which they will be used. Domestic soybeans are preferred 
for human consumption, while U.S. soybeans are preferred for 
processing into meal and oil. U.S. soybeans are preferred 
for processing because they have a higher oil content (61). 
In 1977/ Japan imported 3.4 million metric tons of U.S. 
soybeans which accounted for 95 percent of the total soy­
bean import. 
Equations 4.1, 4.2, and p4 refer to Japanese soybean 
import demand from all sources. An alternative experiment 
estimates Japanese imports of U.S. soybeans for meal and oil 
processing. These equations are Equations 5.1, 5.2, and p5. 
This second set of equations is superior to the first set 
in terms of the number of significant coefficients. There 
are ten significant coefficients in the second set while 
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there are only eight coefficients which are significant at 
the ten percent level in the first set. 
All coefficients in Equations 4.1, 4.2 and p4 have the 
correct sign. There are three coefficients in the current-
price equation. Equation 4.1, which are significant at the 
ten percent level. These coefficients are mixed-feed 
price, corn price, and sorghum price. There are two 
coefficients in the lagged-price equation which are sig­
nificant at the ten percent level; one is mixed-feed price 
and the other is sorghum price. In Equation p4, which is 
estimated by 2SPC, all the coefficients of the prices, 
except soybean price, are significant at the five percent 
level. The own price effect of soybean imports is in­
significant in all three equations. 
The import demand for soybeans from the U.S. is shown 
in Equations 5.1, 5.2 and p5. The lagged-price equation. 
Equation 5.2, explains the behavior of Japanese import 
demand very well. All price variables, except corn price, 
are significant at the one percent level. The P statistics 
in all six equations of soybean imports for crushing into 
meal and oil are significant at the five percent level. 
The R-square statistics are about 0.7 for all six equations. 
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Corn import demand for nonfeed purposes 
Equations 6.1 and 6.2 estimate corn imports for non-
feed purposes. Processed corn is mainly used for producing 
cornstarch and its by-products. Cornstarch production has 
grown from 28 thousand metric tons in 1960 to 710 thousand 
metric tons in 1975. The quantity of corn imported for non-
feed purposes is expressed as a function of the corn import 
price and national income. 
The signs of the coefficients in both equations are 
correct. However, only the coefficient of national income 
is highly significant in the current price equation. In 
Equation 6.2, both import price and national income are 
statistically significant at the one percent level. The 
F statistics in both equations are significant at the one 
percent level. And the independent variables explain 75 
percent of the variation in the Equation 6.1 and 86 per­
cent in Equation 6.2. 
Soybean import demand for food 
Equation 7.1 and 7.2 express the quantity of soybean 
imports for food as a function of the soybean price and 
national income. Both equations have the correct signs 
for all coefficients. In the lagged-price equation. 
Equation 7.2, both price and income are significant at the 
one percent level but none of them are significant in the 
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current-price Equation 7.1. The F and R square statistics 
are higher in the lagged-price equation than in the 
current-price equation. 
The domestic soybean meal equation 
There are two estimated equations for soybean imports 
for crushing meal; one equation is the quantity of soybean 
imports from all sources, and the other equation is the 
quantity of soybean imports from the U.S. If the equation 
of soybean imports from all sources. Equations 4.1 or 4.2, 
is used as a structural equation in the import model, we 
need to convert the quantity of soybean imports to the 
quantity of soybean meal equivalent. The conversion factor 
used in this study is 0.8. The quantity of domestic soy­
bean meal used in mixed-feed can be derived from the fol­
lowing identity: 
QFSM^ = IFSM^ +0.8 IFSB^ 
where: 
QFSM. is the quantity of soybean meal used in mixed-
feed, 
IFSM^ is the quantity of soybean meal imports, and 
IFSB^ is the quantity of soybean imports for meal. 
And, if the equation of soybean imports from the U.S., 
Equations 5.1 or 5.2, are used as one of the structural 
equations in the import model, we can not use the conversion 
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factor, 0.8, for converting the quantity of soybean imports 
from the U.S. to a soybean meal equivalent, since the 
quantity of soybeans from the U.S. is not fully used for 
domestic soybean meal production. 
Therefore, we need to find the relationship between 
Japanese domestic soybean meal production and the quantity 
of soybean imports from the U.S. Equation 8 expresses the 
quantity of domestic soybean meal production as a function 
of the quantity of soybean imports from the U.S. This 
equation is derived from the assumption that most soybean 
imports from the U.S. are mainly used for processing meal 
and oil. This equation is estimated without an intercept. 
The result, on the average, is one ton of soybean 
imports from the U.S. will produce 0.53 tons of domestic 
soybean meal. The coefficient is significant at the one 
percent level. The independent variable explains 98 per­
cent of the variation of domestic soybean meal production. 
Summary 
In the import block, two alternative forms for each 
structural equation were estimated: one with current input 
prices and the other with lagged input prices. Table 6-1 
shows that most import equations explain Japanese import 
behavior well, both in terms of signs and level of signifi­
cance of coefficients. However, the equations for sorghum 
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imports have few significant coefficients. 
Comparison of the lagged-input prices versus current-
input prices, both estimated by ALS and 2SPC, indicate that 
the lagged-input price equations are superior. Furthermore, 
the equation for Japanese imports of soybeans from the U.S. 
is superior to the equation for Japanese imports of soy­
beans from all sources. 
The commercial mixed-feed price which is the output 
price for feed manufacturers appears significant and has a 
direct impact on feed grains and soybean imports in all 
equations. The own input prices have a negative effect on 
their quantities imported except in both current-price 
versions of equations for soybean meal imports which are 
estimated by ALS and 2SPC. The quantity of rice used in 
mixed-feed appears nonsignificant in all import equations 
for feed. 
From this study, we can conclude that the commercial 
mixed-feed price, national income, and feed grain import 
prices affect the quantities of feed grains and soybean im­
ports, but domestic rice quantities used in feed does not have 
a significant impact on feed ingredients imported. The result 
of quantities of rice used in feed from this study contradicts 
the work of Abel and Ryan, as reviewed by Goldberg and McGinity 
(17). Abel and Ryan found that most of the growth in 
Japanese corn imports was the result of rising national 
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income, the quantity of rice fed to livestock, and corn 
import prices. The data base for their estimated equation 
covers 1960 through 1972. Japanese data show the quantity 
of rice used in mixed-feed only in the three year period 
from 19 71 to 1973. The quantity of corn imported dropped 
from 4.4 million metric tons in 1970 to 3.4 million metric 
tons in 1971, due to the use of 1.4 million metric tons of 
rice in mixed-feeds. In 1972, the quantity of rice used in 
feed was 1.2 million metric tons, nearly the same level as 
in 1971. But, the quantity of corn imports increased to 4.3 
million metric tons due to expanded mixed-feed production. 
The contradictory results on the impact of rice on the feed 
grains imports between Abel's work and this study may 
be due to the difference in the data period used in the 
analyses. 
Commercial Mixed-Feed Production 
Equations 9 and p9 in Table 6-2 represent the com­
mercial mixed-feed production function. All coefficients 
have the right sign in both equations. The more feed in­
gredients used, the greater the increase in mixed-feed 
production. Soybean meal is the only variable whose coeffi­
cient is not significant in both equations, but the rest 
are significant at the five percent level. Soybean meal may 
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Table 6-2. ALS and 2SPC estimate of equations for mixed-
feed production 
Independent 
variables 
and 
statistics 
Dependent variable 
Equation 9 
QSMF. 
Equation p9 
Constant 1625.08** 
(3.778) 
2112.15** 
(3.719) 
QFCN. 1.24598** 
(4.292) 
0.83487* 
(2.311) 
QFSG. 1,72554** 2.13005** 
(4.853) (2.820) 
QFSM 0.42380 0.66412 
(0.281) (0.268) 
QFRC^ 1.73425** 1.26714*A 
(4.322) (3.604) 
0.11424 
874.11* 336.37** 
0.9969 0.9919 
* 
Significant at the 0.05 level. 
** 
Significant at the 0.01 level. 
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have an insignificant effect because there are other feed 
ingredients such as fish meal, wheat bran, barley bran, and 
rice bran, which can substitute for soybean meal, but are 
not taken into account in these" two equations. The F 
statistics are significant at the one percent level in both 
equations. The independent variables explain 99 percent of 
the variation of domestic mixed-feed production in both 
equations. ALS and 2SPC estimations give the same results 
both in terms of signs and significance level of the esti­
mated coefficients in the mixed-feed production function. 
Livestock Products Supply 
Block 
The equations in this block are classified into 3 sets 
of equations. The first set of equations, shown in Table 
6-3, are the livestock products supply functions. The form 
of these functions are specified in double-logarithmic 
form. The inputs coefficients in these functions can be 
interpreted as input elasticities. The second set of 
equations shown in Table 6-4 are the mixed-feed demand 
equations. And the third set of equations shown in Table 
6-5 are livestock inventory equations. In each equation in 
this block,* two estimation techniques are used; one is ALS 
and the other is 2SPC. 
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Livestock products supply functions 
Equations 10 to 14 in Table 6-3 are the supply func­
tions for beef, milk and milk products, pork, chicken 
meat, and egg, respectively. All the livestock products 
supplies are expressed as functions of their commercial 
mixed-feed use and their livestock inventories. 
All the equations that are estimated by the ALS method 
have the right signs of the coefficients. Only one coeffi­
cient, dairy inventory, in Equation 11, is nonsignificant, 
while the rest of coefficients in all five equations are 
significant at the ten percent level. The F statistics for 
all five equations are significant at the one percent level. 
Only one of the five equations has a low R-square value. 
The beef supply function's independent variables explain 
only 72 percent of the variation of the domestic beef 
supply while the other four equation's independent variables 
explain more than 92 percent of total variation. 
Equation plO in Table 6-3 is the beef supply equation 
which is estimated by 2SPC. This equation has a low R-
square value. The independent variables explain only 36 
percent of the total variation. This unsatisfactory R-square 
may result from the reduced number of observations. The 
predicted values of domestic mixed-feed demand for beef 
cattle in 1962 and 1963 are negative from the first-stage 
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Table 6-3. ALS and 2SPC estimate of equations for live­
stock products supply: double-logarithmic 
equations 
Independent 
variables 
and 
statistics 
Dependent variables ; 
QSBFT- QSMKT-
Equation Equation Equation Equation 
10 
_£10_ 11 J21L 
Constant 
FDBC^ 
FDDC^ 
IVBCt 
IVDCt 
^t-1 
F 
-6.22926^ -4.61095 
(-1.881) (-0.669) 
0.18708** 0.17941* 
(5.817) (2.453) 
1.40613** 1.19342 
(3.295) (1.338) 
2.67163* 0.23206 
(2.305) (0.098) 
0.40822** 0.10911 
(3.305) (0.483) 
0.09116 
17.10** 
0.37241 
(1.356) 
0.53512 
0.99650 
(1.839) 
3.11 t 284.12** 193.56** 
0.7246 0.3616 0.9776 0.9675 
ie 
significant at the 0.05 level. 
** 
significant at the 0.01 level, 
significant at the 0.10 level. 
162 
Table 6-3 (Continued) 
Independent Dependent variables; 
variables QSPK^ ^ QSCMt 
and Equation Equation Equation Equation 
statistics 12 pl2 13 pi 3 
Constant 
PDHG^ 
FDBL^ 
IVHGt 
IVBLt 
^t-1 
F 
J2 
-4.24757**-?.75588** 0.06492 -11.17134** 
(-5.905) (-5.319) (0.169) (-7.051) 
0.23297**-0.01960 
(4.470) (-0.194) 
0.48451**-3.13721** 
(4.087) (-6.817) 
1.02655** 1.66209** 
(8.544) (6.568) 
0.42834 
0.24298* 3.70918** 
(2.272) (8.172) 
0.49576 
298.73** 139.55** 316.65** 355.13** 
0.9787 0.9555 0.9799 0.9820 
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Table 6-3 (Continued) 
Independent 
variables Dependent variable = QSEG^ 
and 
statistics 
Equation 14 Equation pl4 
Constant -6.87259** 
(-5.589) 
-7.16965^ 
(-1.883) 
FDLY^ 0.24468^ 
(1.741) 
0.44759 
(0.313) 
IVLY^ 1.01515** 
(6.063) 
0.89074 
(0.654) 
^t-1 0.91457 
9t-2 -0.49947 
9t-3 0.17714 
F 81.31** 84.74** 
r2 0.9260 0.9288 
regression estimate. The problem arises when we regress 
beef supply on predicted values of mixed-feed demand and 
predicted values of beef cattle inventories in the second-
stage regression. The problem is that the natural log 
values of negative numbers cannot be found. To solve 
this problem, the observations in 1962 and 1963 have to be 
eliminated, so there are only 14 observations for estimating 
the beef supply function. 
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. For the pork and chicken meat supply functions in 
Equations pl2 and pl3, the coefficients of mixed-feed 
demand for hogs and broilers have wrong signs. These two 
coefficients are expected to be positive because the more 
feed used for raising livestocks, the greater their 
expected supply is. In these sets of livestock supply 
equations, the ALS estimate is superior to the 2SPC esti­
mate, both in terms of correct signs and level of signifi­
cance . 
Commercial mixed-feed demand equations 
Equations 15 to 19 in Table 6-4 concern the quantities 
of mixed-feed demanded for beef cattle, dairy cattle, hogs, 
broilers, and layers, respectively. Mixed-feed demand for 
each type of livestock is expressed as a function of mixed-
feed price, livestock product price, and its livestock in­
ventory. The analysis shows the same results as the live­
stock supply equations that are estimated by ALS method 
in terms of the signs of coefficients. All coefficients 
have the correct sign. 
The coefficients of mixed-feed price in Equations 
15, 16, and 19 are not significant. The reason for the 
nonsignificant coefficient of mixed-feed price may be that 
the Japanese government tries to maintain mixed-feed price 
in order to stimulate domestic livestock production. The 
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inflation in 1973 caused a sharp increase in mixed-feed 
prices and the Japanese government paid a subsidy to farmers 
for purchasing commercial mixed-feed in order to maintain 
the increase domestic livestock production. 
The coefficients of beef, pork, and chicken meat 
prices are significant in their effect on mixed-feed 
demand. This result indicates that high retail meat prices 
in Japan stimulate increases in meat production, which result 
in increased demand for commercial mixed-feed. The coefficients 
of eggs and milk prices do not significantly affect feed demand 
for dairy cattle and layers. When considering the non-
significance of egg prices on layer's feed demand, egg 
prices are nearly stable when compared with other livestock 
products prices. Japan is now 100 percent self-sufficient 
in eggs. The more stable egg prices may be one reason that 
the price of eggs is nonsignificant. 
Nearly all livestock inventories have a strong effect 
on mixed-feed demand, except the beef inventory in Equation 
15. This means that the more livestock inventories farmers 
keep, the greater is mixed-feed demand for feeding. The 
F statistics in all 5 equations, 15 to 19, are significant 
at the one percent level. The R-square statistic is 0.64 
in mixed-feed demand for beef cattle, Equation 15. But, 
in the other four equations, the values of R-squares are 
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above 0.94. This means that the independent variables in 
these equations explain nearly all the variation of mixed-
feed demand for livestock. 
The equations, pl6 to pl9, in Table 6-4 are the mixed-
feed demands estimated by 2SPC method. Of the five equations 
in this set, 7 out of 15 estimated coefficients have the 
wrong sign. There are 7 coefficients significant at the ten 
percent level. When considering each equation, there are 
two mixed-feed demand equations that have all the correct 
signs of the estimated coefficients. These equations 
are mixed-feed demand for hogs. Equation pl7, and mixed-
feed demand for broilers. Equation pl8. When comparing 
the two estimation methods in this set, ALS is superior to 
2SPC. 
Livestock inventory equations 
Equations 20 to 24 in Table 6-5 are inventory equations 
for beef cattle, hogs, dairy cattle, broilers, and layers, 
respectively. The commercial mixed-feed prices in all five 
equations have a negative impact on livestock inventories. 
It is consistent with economic theory, which indicates that 
the higher input prices are, the less inventories that are 
kept. 
None of the coefficients of mixed-feed price are 
significant. This may be for the same reason as for the 
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Table 6-4. ALS and 2SPC estimates of equations for mixed-
feed demand for livestocks 
Independent Dependent variables; 
variables FDBCt FDDCt, 
and Equation Equation Equation Equation 
statistics 15 pl5 16 pi 6 
Constant -329.92 2117.17**-1208.63**-1507.86"'' 
(-0.371) (2.769) (-6.280) (-2.145) 
APMF. -0.82255 7.94960*-0.22271 0.42014 
(-1.134) (2.354) (-0.775) (0.245) 
RPBF^ 
RPMK, 
IVBC, 
IVDC. 
1.01086**-2.00908 
(3.356) (-1.639) 
12.19822 -3.61016 
(1.512) (-0.082) 
0.18399 -2.94587** 
(0.445) (-3.126) 
1.58342** 1.67988** 
(12.197) (6.563) 
't-1 0.76472 0.27357 
F 7.23** 62.83** 168.52** 162.94** 
0.6437 0.9402 0.9768 0.9760 
*Significant at the 0.05 level. 
** 
Significant at the 0.01 level. 
Significant at the 0.10 level. 
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Table 6-4 (Continued) 
Independent Dependent variables ; 
variables FDHG-h FDBLt 
and Equation Equation Equation Equation 
statistics 3/7 pi 7 3J pl8 
Constant -2,323.54** -2,134.09** -99.50 80.76 
(-5.475) (-2.753) (-0.774) (0.193) 
APMF. -1.89611^ -3.96610 -1.11388**-0.44028 
(-1.962) (-1.102) (-4.667) (-0.302)' 
RPPK^ 
RPCMu 
IVHG, 
IVBL, 
2.27505* 
(2.652) 
0.86293** 
(7.646) 
4.05976 
(1.057) 
0.86374** 
(3.719) 
1.50058** 0.45356 
(3.515) (0.195) 
0.02834** 0.02796** 
(26.160) (14.253) 
Pt-1 0.12116 -0.30232 
F 70.42** 106.98** 938.02** 276.92** 
0.9463 0.9640 0.9958 0.9858 
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Table 6-4 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variable = FDLY^ 
Equation 19 Equation pi9 
Constant -251.95 
(-0.255) 
2222.9' 
(1.853) 
APMF, -0.89749. 
(-0.659) 
3.12414 
(1.764) 
RPEG. 5.60556 
(0.784) 
-15.52928 
(-1.703) 
IVLY, 
^t-1 
0.03988** 
(10.357) 
-0.08100 
0.03460** 
(8.491) 
64.18** 104.49** 
0.9413 0.9631 
demand for mixed-feed equations. The Japanese government 
tries to maintain the domestic mixed-feed prices. The 
major variable with a strong influence on the inventory 
equations is lagged inventory. All lagged inventory 
coefficients have the right sign and are significant at the 
one percent level. The positive coefficients of lagged 
inventories indicate that higher future expected profits 
will influence the farmer's decision, and will induce him to 
keep more inventories. 
The wage rate in the agricultural sector is considered 
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another major variable cost. For the commercial farm, if 
the wage rate increases, while other prices are assumed 
constant, the farmer will hire less labor which will 
directly affect inventories. Inventories should decrease; 
but this is an unlikely situation for a small family farm. 
Most livestock farms in Japan are small and family labor is 
all that is used. The response of an increased wage for a 
small farm should not have a significant affect on the 
size of livestock inventories. Therefore, the positive 
sign of the wage rate coefficient came as a surprise in the 
hog inventory equation. The coefficient is significant at 
the one percent level. This result may be because this 
analysis used annual inventory data which does not reflect 
the actual change of inventories. Poultry inventories can 
change in less than three months and hog inventories can 
change in less than six mofiths. Within a year, poultry and 
hog inventories can be adjusted at least one time due to the 
changes of input and output prices. 
The retail prices of pork and chicken meat have a 
negative effect on hog and broiler inventories. A possible 
explanation for this phenomenon is that when hog and 
broiler market prices are high, farmers are induced to sell 
more hogs and broilers causing the inventories to go down. 
The F statistics in all five equations are significant 
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at the one percent level. The beef inventory equation's 
independent variables only explain 65 percent of total 
variation but the rest of the equations explain over 92 
percent. 
The inventory equations estimated by the 2SPC method 
are Equations p20 to p24 in Table 6-5. The coefficients of 
mixed-feed price have the right sign in all five equations. 
The sign of the retail pork price and retail chicken meat 
price coefficients in Equation p21 and p24 contradict the 
signs these two coefficients had when estimated by the ALS 
method. In the ALS estimation, retail prices of pork and 
chicken meat have a negative impact on their inventories, 
while in the 2SPC estimation these two variables have a 
positive effect on their inventories. In this situation, 
it is difficult to conclude which sign is correct because 
the data used did not classify livestock inventories into 
the stages of growth. For example, the hog inventory may 
be classified into two major groups; one is hogs over six 
months which are ready for market, and the other group 
is hogs less than six months which are kept for breeding 
and/or feeding. If the retail price of pork increases, it 
will induce farmers to get rid of market hogs which will 
reduce the inventory of hogs over six months. At the same 
time, the high pork price will induce farmers to build up 
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Table 6-5. ALS and 2SPC estimate of equations for livestock 
inventories 
Independent 
variables 
and 
statistics 
IVBCt 
Dependent variables; 
IVHGt 
Equation 
20 
Equation 
p20 
Equation 
21 
Equation 
P21 
Constant 119.35 
(0.254) 
-155.17 
(-0.373) 
4434.11** 
(3.823) 
4043.22 
(1.598) 
APMFi -0.10979 
(-0.263) 
-0.06868 
(-0.046) 
-0.48125 
(-0.401) 
-5.83240 
(-1.185) 
RPBF, 0.23053 
(0.749) 
0.60295 
(0.942) 
RPPK, -5.68216** 
(-3.680) 
2.31567 
(0.491) 
WRAGi -0.10560 -0.37950 2.15556** 1.44159 
(-0.576) (-1.367) (3.417) (1.111) 
IVBC t-1 0.88403** 0.92929** (4.007) (3.114) 
IVHG t-1 0.71714** (5.113) 
0.48690' 
(1.824) 
^t-1 
F 
2 R 
0.48793 
5.33** 
0.6598 
13.09** 
0.9761 
-0.11293 
60.49** 
0.9565 
24.48** 
0.8990 
* * 
iSignificant at the 0.01 level. 
Significant at the 0.10 level. 
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Table 6-5 (Continued) 
Dependent variables: 
Constant 
APMF, 
RPMK. 
RPCM^ 
IVDCF 
Independent 
variables 
and Equation Equation Equation Equation 
statistics 22 p22 23 p23 
IVBLf 
305.79* 230.40 16,633.27** -22,981.3 
(2.565) (0.457) (4.117) (-1.678) 
-0.17646 -0.01315 -7.76322 -139.82470** 
(-0.987) (-0.010) (-1.069) (-2.737) 
5.05439 
(0.991) 
-0.4265 
(-0.001) 
-12.82542 205.21562* 
(-0.971) (2.584) 
IVDC t-1 
IVBL t-1 
Pt-1 
0.85079** 0.89743** 
(9.544) (4.961) 
0.46202 
1.15047** 1.17918** 
(34.459) (15.555) 
-0.11918 
Pt-2 
^t-3 
-0.55470 
0.30253 
74.75** 112.98** 1797.01** 480.48** 
0.9492 0.9760 0.9978 0.9917 
*Significant at the 0.05 level. 
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Table 6-5 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variable = IVLY^ 
Equation 24 Equation p24 
Constant 
RPEG^ 
IVLY t-1 
^t-l 
30,187.51** 
(3.331) 
-4.99006 
(-0.593) 
0.85436** 
(11.064) 
0.17905 
29,315.08** 
(3.694) 
-5.71726 
(-0.724) 
0.86563** 
(12.369) 
84.61** 109.51** 
R 0.9287 0.9440 
their breeding stock, so the inventory of hogs less than 
six months old will increase. The net effect of an increase 
in pork prices on the hog inventory is difficult to con­
clude because hog inventory data are not classified into 
the stages of growth. 
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Summary 
Most coefficients in the supply block equations that 
are estimated by ALS have the correct sign. The coefficients 
of livestock inventories and lagged-livestock inventories 
are significant at the five percent level except in the 
equation for milk supply and mixed-feed demand by beef 
cattle. Only 2 out of 10 mixed-feed price coefficients in 
this block are significant at the ten percent level. This 
may be due to the government's intervention to maintain 
domestic feed prices. Retail livestock products prices have 
a significant effect on the quantities of mixed-feed demanded 
but are nonsignificant in the livestock inventories equa­
tions. The independent variable of each equation in this 
block explain over 90 percent of the variation of dependent 
variables in nearly all equations. The annual data do not~~ 
seem to work well for fitting livestock inventory equations. 
, More appropriate type of data for livestock inventories 
would be quarterly data. When comparing the results of ALS 
and 2SPC estimation methods in this set of equations, 
the ALS method is superior to the 2SPC method in terms 
of estimated coefficients' signs. 
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Livestock Products Demand Block 
The livestock products demand equations are derived 
from the assumption of consumers' utilities maximization. 
The livestock products demands are expressed as functions 
of income, of their own price, and of close substitute 
product prices. Equation 25 in Table 6-6 is the domestic 
beef demand function. All coefficients in this equation 
have the correct sign and are significant at the five 
percent level. 
An increase in the retail beef price will decrease beef 
consumption. As a result of an increase in the retail pork 
price, people will demand less pork and substitute beef 
which will increase beef demand. An increase in income 
will induce consumers to consume more beef. 
In Equation 26, the domestic pork demand equation, the 
substitution effect between pork and beef does not show a 
significant effect, but the rest of the coefficients are 
significant at the ten percent level. 
Equation 27 expresses domestic chicken meat demand as 
a function of the retail meat price, of the retail fish 
price index, and national income. All coefficients are 
significant at the five percent level and have the' correct 
sign. The substitution coefficient of chicken meat for fish 
meat in Equation 27 is 3.012, which means that if the retail 
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fish price index increased one percentage point the Japanese 
domestic demand for chicken meat will increase by 3,012 
metric tons. The independent variables explain 99.75 
percent of total variation in chicken meat demand. The 
F statistic is significant at the one percent level. 
Equation 28 shows the domestic demand for milk and 
milk products. The retail milk price has a negative effect 
on the quantity demanded as expected while national income 
has a positive effect as anticipated. Both coefficients 
are significant at the one percent level. The domestic 
eggs demand equation had the same results and the results 
are shown in Equation 29. 
Estimated consumer demand for livestock products by 
2SPC method gave the same results as the ALS method, both 
in terms of signs and significance of the coefficients. 
The last equation in the demand block is the domestic 
retail fish price index equation. Japan has one of the 
world's major fisheries. The quantity of fish landings 
increased from 6 million metric tons in 1962 to 10 million 
metric tons in 1977. Until 1974, Japan was a net fish 
exporting country but after 1975, with increases in income 
and population, this situation reversed. Japan now has 
become a net fish importing country. Equation 30.1 includes 
net fish imports as one independent variable. The coefficient 
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of this variable has a wrong sign but is not significant, 
while the other variables: the quantity of fish landings 
and national income have the right signs and are signifi­
cant at the one percent level. 
An equation which deleted the net fish imports vari­
able is shown in Equation 30.2. The results found both 
remaining variables still highly significant and with the 
right signs. The P statistic is significant at the one 
percent level and R-square statistic is 0.9885. 
Summary 
Most equations in this demand block explain consumers 
demand behavior for livestock products very well. The 
analysis indicates there is substitution among meat types 
in the consumption pattern. Livestock products prices and 
income are the major factors that influence demand. The 
high growth rate of national income and per capita income 
in Japan will strongly affect increases in domestic live­
stock products demand. This result will indirectly affect 
the demand for feed grains and soybean imports. 
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Table 6-6. ALS and 2SPC estimate of equations for livestock 
products demand 
Independent 
variables 
and 
statistics 
QDBFF 
Dependent variables ; 
Equation 
25 
Equation 
p25 
QDPKf 
Equation 
26 
Equation 
P26 
Constant 
RPBFV 
RPPK^ 
JNIt 
^t-l 
165.68** 118.14 500.71** 1358.39* 
(4.008) (0.360) (4.297) (2.135) 
-0.31770** -0.49110 0.01339 0.60144 
(-6.189) (-1.238) (0.089) (0.783) 
0.24979* 
(2.652) 
0.48343 
(0.502) 
-0.46787' 
(-1.932) 
-2.66685 
(-1.431) 
0.00585** 0.00726** 0.01045** 0.01642** 
(7.084) (3.922) (4.061) (4.583) 
-0.21091 0.30396 
Pt-2 0 .02028  
Pt-3 0.07834 
83.82** 30.90** 57.73** 98.59** 
0.9545 0.8854 
Significant at the 0.05 level. 
* * 
Significant at the 0.01 level. 
0.9352 0.9610 
Significant at the 0.10 level. 
180 
Table 6-6 (Continued) 
Independent Dependent variables; 
variables QDCMt- QDMK-t 
and Equation Equation Equation Equation 
statistics 27 p27 28 p28 
Constant 
RPCM^ 
RPFH^ 
RPMK^ 
JNIt 
^t-1 
F 
865.98** 914.08** 4357.44** 5924.72** 
(13.070) (4.774) (9.325) (24.555) 
-1.55335** -1.68584** 
(-11.394) (-4.199) 
3.01166* 3.30070 
(2.472) (0.972) 
-130.22116**-270.42624** 
(-3.307) (-12.728) 
0.00967** 0.00995** 0.05669** 0.09548** 
(14.693) (5.785) (5.112) (16.060) 
-0.48819 
1620.35** 462.97** 
0.23405 
53.94** 441.4** 
0.9975 0.9914 0.8925 0.9855 
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Table 6-6 (Continued) 
Independent 
variables 
and 
statistics 
Dependent variables; 
QDEGt RPFHh 
Equation Equation Equation Equation 
29 p29 30.1 30.2 
Constant 
RPEG, 
LDFHj 
IMFH^ 
JNIt 
9t-l 
1974.44** 2751.80** 
(6.746) (7.142) 
-5.36082** -9.40910** 
(-3.631) (-4.744) 
37.32** 
(3.783) 
42.67** 
(4.295) 
-0.00521** -0.00640** 
(-3.127) (-4.125) 
0.00594 
(1.324) 
0.01333** 0.01786** 0.00095** 0.00102** 
(7.149) (7.686) (13.290) (18.251) 
0.32282 -0.00425 0.08529 
38.63** 96.12** 449.68** 559.52** 
0.8560 0.9367 0.9912 0.9885 
^Retail fish price. 
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Source of Corn Imports Block 
Sources of Japanese corn imports are the U.S., Thailand, 
South Africa, and Argentina. Equation 30 is the equation 
for Japanese imports of U.S. corn. The independent variables 
include the competition among corn exporting countries in 
the Japanese market. The more Thai, Argentine and South 
African corn shipped to Japan the less will be the demand 
for U.S. corn. The coefficient of Thai corn export to Japan 
and the coefficient of other countries (Argentina and 
South Africa) corn export to Japan have the right sign and 
they are significant at the one percent level. The total 
Japanese corn import variable has a positive effect on the 
demand for U.S. corn. The coefficient of this variable 
is also significant at the one percent level. Also, the 
more U.S. corn available for export the more corn that will 
be exported to Japan. The coefficient of U.S. corn avail­
able for export variable is positive but it is not sig­
nificant. The quantity of rice stock held by the government 
is another independent variable that does not have a sig­
nificant effect on demand for U.S. corn. 
Because this corn import equation is close to being 
an identity, the F statistic is very high and the R-square 
statistic approaches one. Equation p31, which is estimated 
by 2SPC method shows that the signs of the estimated 
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coefficients are right, except the coefficient of the 
quantity of Thai corn shipped to Japan. Only the esti­
mated coefficient of other corn supplying countries to 
Japan is significant at the one percent level. 
Equation 32 is the Japanese imports of Thai corn 
equation. This equation uses the variables that are 
considered when making the contract on corn between Thailand 
and Japan. Only one variable, the availability of Thai 
corn for export, has a significant effect on the quantity 
of Japanese corn imports from Thailand. The lagged corn 
price and the quantity of rice stock held by the Japanese 
government has a negative effect on corn demand from Thai­
land but these two estimated coefficients are nonsignifi­
cant. 
EEC Corn Import Equations 
Equation 33 in Tables 6-8 determines the quantity of corn 
imported by the EEC from nonmembers. It is a function of 
domestic current- and lagged-producers prices, corn imports 
from France, cassava imports from Thailand, and the EEC 
gross domestic product. All coefficients have right sign. 
The high current- and lagged-producers prices will stimulate 
domestic corn production and at the same time will reduce 
domestic demand. Their combined effect will reduce the 
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Table 6-7. ALS and 2SPC estimate of equations for Japanese 
import U.S. and Thai corn 
Independent 
variables 
and 
statistics 
Equation 
31 
JUCNt 
Dependent variables ; 
Equation 
P31 
JTCN^ 
Equation 
32 
Constant 
(IPCN/ER) 
(IFCN+INCN)^ 
JTCN^ 
THCN^ 
USCN^ 
JOCN^ 
QKRC^ 
^t-1 
-8.80079 
(-1.259) 
1.00244** 
(290.403) 
-0.98481** 
(-71.909) 
-0.01965^ 
(-2.042) 
0.00045 
(0.977) 
-1.00015** 
(-277.679) 
0.00108 
(0.965) 
- 0 . 2 8 0 8 8  
-323.42 
( - 0 . 2 8 8 )  
0.79952 
(1.759) 
0.16487 
(0.091) 
-0.41876 
(1.489) 
0.04662 
(0.645) 
-1.51222** 
(-8.793) 
0.14335 
(1.053) 
454.73* 
(2.631) 
-0.96846 
(-1.520) 
0.41339** 
(4.630) 
-0.02657 
(-1.394) 
0.33443 
Pt-2 
^t-3 
-0.29671 
0.04486 
R 
563,047** 
1.00 
50.67** 
0.8294 
7.57** 
0.6544 
Significant at the 0.05 level. 
Significant at the 0.01 level, 
^Significant at the 0.10 level. 
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quantity of corn imports. More corn imports from France 
will reduce corn imports from nonmembers countries. The 
same effect, will result if more cassava is imported from 
Thailand: The EEC will reduce corn imports from non-
members. An increase in income will increase the demand 
for livestock products and thus indirectly increase import 
demand for corn. The coefficients of domestic prices are 
not statistically significant but the rest are significant 
at the ten percent level. 
Equation 34 is the domestic French corn price equation. 
The sign of the coefficients on cassava imports from Thailand 
and lagged domestic corn price have the wrong sign but all 
other coefficients have the right sign. The world corn price 
coefficient is significant at the one percent level. An 
increase in world corn price will increase domestic producers 
corn price. The F statistic is significant at the one per­
cent level. The independent variables explain 99.6 percent 
of variation of domestic corn price." 
The Rest of the World Corn Demand 
The rest of the world corn imports is expressed as a 
function of the world corn price, the world wheat price, 
and the rest of the world's gross domestic products. 
Equation 35.1 is a linear demand function. All coefficients 
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Table 6-8. ALS estimates of equations for the EEC corn 
import 
Independent Dependent variables ; 
variables 
and 
statistics 
ECCN^ DPCN^ 
Equation 3 3 Equation 34 
Constant 16,008* 
(2.209) 
251.76** 
(4.088) 
DPCN^ -9.93953 
(-0.767) 
DPCN^_1 -20.11993 
(-1.453) 
0.05841 
(0.310) 
(WPCN+ORGR)t 1.10040** 
(3.111) 
FRCN^ -1.09499^ 
(-1.865) 
-0.00434 
(-0.798) 
ITTC^ -1.93153^ 
(-1.756) 
0.04920* 
(2.187) 
ECGDP^ 0.01707** 
(2.822) 
0.00008 
(1.033) 
ECCN^ -0.00008 
(-0.033) 
^t-1 0.40859 -0.64758 
h-2 -0.16962 -0.30183 
F 6.45** 664.27** 
R2 0.7289 0.9964 
Significant at the 0.05 level, 
significant at the 0.01 level. 
^Significant at the 0.10 level. 
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have the right sign, but only the coefficient of income is 
significant. As an alternative experiment the input price 
ratio is used as shown in Equation 35.2. The result is 
that all variables have the correct sign and are sig­
nificant at the five percent level. The ratio of the 
world corn price to the world wheat price has a negative 
effect on corn imports. This means that if the world 
corn price increases relative to the wheat price, importing 
countries will reduce corn imports. Both F statistics of 
the two equations are significant at the one percent level. 
Summary and Conclusion 
The objective of this study for import model I is to 
investigate factors that influence Japanese import demand 
for corn, sorghum, soybeans, and soybean meal. This model 
is classified into five blocks. These blocks are: 
import demand, commercial mixed-feed production, livestock 
products supply, consumer demand for livestock products, 
and sources of corn imports. The equations in the model 
are simultaneously related. Mixed-feed manufacturers import 
corn, sorghum, soybean meal, and soybean for domestic 
crushing meal for feed ingredients. Factors that affect 
feed ingredients imported are: the commercial mixed-feed 
price and feed ingredients prices. 
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Table 6-9. ALS estimates of equations for the rest of 
the world corn import 
Independent 
variables Dependent variable = ROCN^ 
and 
statistics 
Equation 35.1 Equation 35.2 
Constant -1411.67 
(-0.939) 
10,861.86* 
(2.046) 
WPCN^ -107.38049 
(-0.727) 
WPWH^ 94.75336 
(1.036) 
(WPCN/WPWH) ^ -14,506.00* 
(-2.343) 
RWGDP^ 0.04767** 
(8.197) 
0.04859** 
(27.801) 
0 
t-1 
^0.25099 
-0.39118 
G 
't-2 
-0.07539 
^t-3 -0.10474 
F 159.08** 399.97** 
0.9715 0.9816 
* 
Significant at the 0.05 level. 
** 
Significant at the 0.01 level. 
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According to the analysis, in terms of the direct 
price effect, corn, sorghum, and soybeans have a negative 
effect on the quantity of corn, sorghum, and soybeans 
imports. The corn import demand equation indicates there 
is substitution between corn and sorghum. 
The quantity of rice used in mixed-feed, which is 
dependent on the government policy, is also included as an 
independent variable in feed grains import equations. The 
results show that the quantity of rice used in feed does 
not significantly affect feed grain imports. 
The livestock products supply block includes : the 
quantity of mixed-feed demand equations, livestock inventory 
equations, and the supply of livestock products equations. 
These first two sets of equations are derived based on the 
farmers' decision under the assumption of profit maximiza­
tion. The variables that strongly affect the dependent 
variables in this block are: livestock inventories, lagged 
livestock inventories, and livestock products prices. 
Demand for livestock products equations are derived 
based on the consumers' decision under assumption of 
utility maximization. The direct price effect and income 
effect strongly influence the quantity of livestock products 
demanded. The analysis also indicates that there is 
substitution among meats in consumption. 
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The last block in Model I is sources of corn imports. 
The equations in this block are derived under the assump­
tion of diversifying sources of imports policy. The 
coefficients of variables in the Japanese import U.S. 
corn equation indicates that there is significant competi­
tion among corn suppliers in the Japanese market. 
The second model in this study assumes the world corn 
price is an endogenous variable and is determined by world 
corn demand. World corn demands are classified into 
three groups; corn demand by Japan, corn demand by the 
EEC, and corn demand by the rest of the world. 
The variables that affect corn imports by the EEC 
are: the domestic French producer's corn price, the quantity 
of corn supplied by France, the quantity of tapioca supply 
by Thailand, and the EEC gross domestic products. The 
results show that all independent variables coefficients except 
domestic corn price coefficient have a. significant effect on 
the EEC corn imports. 
The independent variables in the rest of the world 
corn demand are: world corn price, world wheat price, and 
the rest of the world gross domestic products. The analysis 
indicates that there is a substitution between corn and 
wheat in animal feeds. 
This second model tries to develop the world corn 
demand equation. From this model, we should be able to 
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determine the interrelationships of the variables that 
affect corn imports among the corn importing countries. 
Limitation of the Study and 
Future Research 
The main limitation of this study is data. For pro­
duction of commercial mixed-feed, its quantity is the 
aggregate of all mixed-feed for different types of live­
stock. There is no data available for the amount of corn, 
and other feed ingredients used in different kinds of 
livestock rations. A poultry mixed-feed should use more 
corn than a cattle concentrate feed. So, if poultry 
production or inventory changes, there will be a bigger 
affect on the quantity of corn imported more than if cattle 
production or inventory changes. 
The data for the livestock inventory needed to be 
quarterly data. In this study, we used annual data which 
did not reflect the actual inventory adjustments for some 
types of livestocks such as poultry and hogs. 
Another problem in regards to data is the producer's 
price of livestock products. There is no complete source 
of this data. The income of farmers should be derived 
from the sale of their products at the farm level prices. 
In this study, we used the retail prices of livestock 
products in Tokyo as proxy variables for producer farm 
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prices. 
If data on farm prices of livestock products are 
available, future studies should construct the relationship 
between producer and retail price. This will bring the 
marketing margin into consideration. Future work should, 
also, modify livestock inventory equations. Inventory 
data should be quarterly data as we already discussed and 
the data should be classified into stages of growth. For 
example, the hog inventory could be classified into: the 
number of hogs under six months old and the number 
of hogs over six months old. 
Despite the limitations of the study, the Japanese 
import model seems to explain much of variation of feed 
grains and soybean imports. Future work on world corn 
imports should treat the USSR, which has become a major 
corn importer, as a case study. For forecasting purposes, 
the estimated reduced-form multipliers should be used in 
future work. The reduced-form equations were not estimated 
in this study because of resource limitation. 
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APPENDIX 
The Japan-Thailand Agreement 
on Corn Trade 
The Japan-Thailand Agreement on Corn Trade, which has 
been negotiated annually in June and July since 1961 by 
the Japan Feed Trade Association (JFTA) and the Thai Board 
of Trade (BOT), establishes the amount of corn to be 
purchased, the approximate timing of deliveries, and 
the method of pricing. 
Quantity 
The target quantity of corn to be purchased is 
determined by JFTA by totaling the expected needs of its 
members in the coming year and comparing that cimount to 
the anticipated October-November Thai corn harvest projected 
by BOT (17). For example, in the contract during 1979-80 
trading season the quantity to be transacted was a minimum 
of 400,000 metric tons and a maximum of 600,000 metric 
tons. 
JFTA tries to purchase whatever quantity of corn is 
offered by the BOT during established shipping periods. 
Shipping schedule 
The period used for shipping corn is the ten calendar 
months beginning with September and ending with June of the 
following year. The quantity of corn to be shipped in each 
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of the first two months is established during the annual 
renegotiation of the agreement. The quantity to be shipped 
in the subsequent eight months is as follows (17). 
1. BOT advises JFTA of the tentative quantity of 
each period's shipment seventy-five days prior to the 
start of each shipment period. 
2. The final quantity is determined by mutual 
consent between BOT and JFTA sixty days before the com­
mencement of the shipping period involved. 
3. The tentative and final quantities for a shipment 
period has to fall within limits determined during the 
annual negotiations. If, between March and June, the BOT 
announces a tentative quantity for a shipment period 
less than the stated minimum for that period, it is mutually 
agreed that the agreement is terminated as of the date of 
that shipment. 
Quantities to be shipped each month for 1979-80 
season, subject to mutual agreement on price were as 
follows (45): 
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Minimum/Fixed Maximum/Fixed 
Month/year (metric tons) (metric tons) 
October 16/ 
November 15, 1979 70,000 70,000 
November 16/ 
December 15, 1979 100,000 130,000 
December 16, 1979/ 
January 15, 1980 100,000 140,000 
January 16/ 
February 15, 1980 90,000 130,000 
February 16/ 
March 15, 1980 40,000 80,000 
March 16/ 
April 15, 1980 0 50,000 
TOTAL 400,000 60,000 
Contracts between buyers and sellers 
Within 5 working days after the quantity and price for 
any particular shipment has been agreed upon, BOT shall 
furnish JFTA with a list of registered exporters, who have 
received export allocations from competent Thai authorities. 
Members of JFTA shall be at liberty to enter into contract 
with any of the registered exporters listed therein, within 
the limit of the export allocation of each exporter, within 
10 days from the receipt of the list. JFTA shall furnish 
BOT with the details of the contracts within the 5 days 
following the expiration of the said 10 day period (45). 
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In the event members of JFTA are unable to conclude 
contracts with Thai exporters for the quantity agreed 
upon, JFTA shall immediately notify BOT of the short­
falls and the BOT, within 5 official working days from the 
date of receipt of the notification, shall furnish JFTA 
with a list of alternative exporters with whom members of 
JFTA are able to conclude contracts (45). 
Following receipt of this list, members of JFTA shall 
conclude contracts with such Thai exporters within 5 
official working days and submit the detail of such 
contracts to BOT. 
Pricing 
Since 1964, the price of Thai corn for export to 
Japan had been based on the price of U.S. #2 yellow corn 
on the Chicago Board of Trade, plus the f.o.b. premium 
over the Chicago futures price for transportation and loading 
aboard ship at U.S. gulf ports. Determination of the 
U.S. base price is accomplished as follows (17): 
1. Price selection dates were established for each 
shipment period. The price of corn to be exported during 
any shipment period was determined in a meeting between 
JFTA and BOT on the price-fixing day for that period. 
2. The price of U.S. #2 yellow corn to be used as the 
basis for calculating the Thai price is the average of the 
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Chicago futures closing quotations during the thirty days 
preceding the price-fixing date for that period. It has 
been agreed, however, that the three highest and three 
lowest quotations within these thirty days will be excluded 
from calculation of the averages. 
3. The Chicago futures option used for determining 
the price for each shipment period is the nearest contract 
to that period. 
For the same shipment period, the f.o.b. premium at 
U.S. gulf ports to be added to the calculated price of #2 
yellow corn is determined in similar fashion, as follows 
(45) ; 
1. On the same days as closing, futures quotations 
are selected for U.S. #2 yellow corn, two quotations of the 
f.o.b. premium at U.S. gulf ports are obtained. JFTA has 
the right to select the two lowest f.o.b. premium quotations 
from among those quoted by Continental Overseas Corporation, 
Bunge Far East Agencies, Louis Dreyfus & Company (Overseas) 
Ltd., Tradax (Japan) Ltd., and Cook & Company Far East 
Agencies, Inc. 
2. On the price-fixing date for a shipment period, all 
of the f.o.b. premiums so obtained are averaged to obtain 
the f.o.b. premium for the period. 
3. In case there is a difference in the f.o.b. premium 
quotations for U.S. #2 yellow and U.S. #3 yellow corn of more 
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than seven cents per bushel, both JFTA and BOT agreed that 
the premium of U.S. #3 yellow corn with a maximum premium 
of seven cents per bushel will be used. 
4. The average f.o.b. premium for the shipment 
period is added to the commodity cost of corn to determine 
the f.o.b. U.S. gulf port price. 
Thai pricing formula 
The formula for calculating the price of Thai corn to 
Japanese buyers f.o.b. Bangkok is as follows (17): 
Average futures price for #2 yellow corn in Chicago 
plus average U.S. gulf port f.o.b. premium for #2 
yellow corn plus freight from U.S. gulf ports to 
Japan at prevailing rates plus U.S. fumigation fee 
of ten cents per metric ton minus freight from Bangkok to 
Japan at prevailing rates less allowance for shrinkage 
of 0.53485 percent less U.S. inspection fees of thirty 
cents per metric ton equals f.o.b. Bangkok stowed in 
bulk price per metric ton of Thai corn. 
Alternative pricing arrangements 
If, during a price-fixing period, the U.S. government 
announces export restrictions on corn to Japan that reduces 
by 15 percent or more the outstanding quantity contracted 
for shipment, an alternative price for Thai corn will be 
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applied in the corresponding shipping month. It will be 
set as follows (17): 
1. The alternative price will be the last Thai price 
fixed before imposition of U.S. export restrictions. 
2. In case the alternative price has to be applied 
for more than one shipping month, the consecutive alterna­
tive prices will be: 
Second month : the last price fixed before U.S. export 
restriction, plus 15 percent 
Third month: the last price fixed before U.S. export 
restriction, plus 20 percent 
Fourth month; to be negotiated 
When the United States lifts the export restrictions, 
normal price-fixing procedures will be employed for the 
corresponding shipping month. However, if announcement 
of the end of restrictions left fewer than ten trading 
days in that month on the Chicago futures market, the 
average price for the ten business days starting from 
the date of the announcement will be used as the basis for 
pricing in the corresponding shipping month. 
In the event of unforeseen circumstances that make 
the shipment of U.S. corn to Japan impossible for more 
than sixteen days during the price-fixing period, an 
alternative price to be applied during the corresponding 
shipping month will be calculated in one of the following 
two ways (17). 
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1. If the quantity purchased from other countries 
during the price-fixing period is more than 50,000 metric 
tons, the alternative price will be calculated by averaging 
two prices : 
The price fixed for Thai corn, the unloaded price of 
corn in Japan which consists of cost and freight 
(C and F, Japan price) in the previous pricing period 
under the normal pricing formula. 
The weighted average of the C and F Japan price of other 
corn for the corresponding shipping month purchased 
during the pricing period in the question. 
The average of these two prices would be converted to 
f.o.b. Bangkok basis by deducting freight for Bangkok 
to Japan and inspection fees from the average C and 
F Japan price. 
2. If the quantity purchased from other countries did 
not reach 50,000 metric tons, the alternative price will 
be the price fixed for Thai corn in the previous pricing period 
under the normal pricing formula plus U.S. $2.50 per metric 
ton. The price will be increased by U.S. $2.50 per metric 
ton for each additional month the alternative price is 
applied. 
The right to invoke the alternative price was vested in 
BOT, but BOT has to declare to JFTA its intention to close 
for a specific shipping period at both the tentative 
quantity-fixing date and the final quantity-fixing date. 
JFTA, in turn, has the right to reduce the tentative quantity 
to the minimum for that shipment period. 
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Export procedure 
While this agreement is in force, the Department of 
Foreign Trade of Thailand shall, at the request of BOT, 
issue export licenses covering corn to be exported to Japan 
only to exporters who have concluded contracts under this 
agreement with members of JFTA (45). 
At the request of BOT, the Department of Foreign Trade 
shall not issue export licenses to designated Thai corn 
exporters who have, directly or indirectly, agreed to sell 
or have sold corn to members of JFTA at prices other than 
those agreed upon by JFAT and BOT (45). 
Breach of contract 
If an exporter commits a breach of contract that causes 
damage to a Japanese importer and then ignores the claim 
against such damage made by the Japanese importer, the 
importer could submit the claim with supporting written 
evidence through JFTA to BOT. Upon receipt of sufficient 
evidence of default, BOT assumes responsibility and brings 
pressure to bear on the exporter (17). 
When an importing member of JFTA commits a breach of 
contract, not opening a letter of credit within the speci­
fied time or sending ships to load the cargo as scheduled 
and refusing to pay the exporter's losses, for example, JFTA 
is similarly responsible. Claims with supporting written 
evidence are to be submitted to JFTA through BOT (17) . 
